
MCDOIIINELL[_

DOUGLAS

SPACE TUG SYSTEMS STUDY (CRYOGENIC)
SEPTEMBER DATA DUMP

VOLUME 6 Operations
Book 3 Option 3

SEPTEMBER 1973

PREPARED BY:

APPROVED BY:

SPACE TUG STUDY TEAM

L. Q. WESTMORELAND
STUDY MANAGER

(_ASA-CI_-179112) SPACE TUG _]iS_tEHS STUDY
ICR¥OGENIC). VCIU_I£ 6: OPEBA_/£_, BOOK 3,

C_I;65 3 Data Du=p, SEI:. 1973
(_cDoanell-Douqlas Ast[cnautica Co.) 1358
_.vail : N_15

N87-70_C0

P Unclas

00/18 007q237

PREPARED FOR NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MARSHALL SPACE FLIGHT CENTER

UNDER CONTRACT NO. NASS-29677

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-WEST

5301 Bolsa Avenue, Huntin8ton Beach, CA 9264 7



MCDOItlNELL_

DOUGLAS

SPACE TUG SYSTEMS STUOY (CRYOGENIC)

SEPTEMBER DATA DUMP

VOLUME 6 Operations

Book 3 Option 3

SEPTEMBER 1973

PREPARED BY:

APPROVED BY:

SPACE TUG STUDY TEAM

L. O. WESTMORELAND

STUDY MANAGER

PREPARED FOR NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MARSHALL. SPACE FLIGHT CENTER
UNDER CONTRACT NO. NAS8-29677

MCDONNELL DOUGLAS AIrrRoItlAUTICS COMPANV- WEIrr

5301 Bolsa Avenue, Huntinston Beach, CA 9264 7



PP3FACg

This 8tu_ report for the T_ ProM_ is sub, Fred b_ the HcDonnell Dou_u

Astronautics Ces_0_r (lWN_) to l_e 0owea_mmat In patriot response t_ C_traet

amber ;,_s8-_77.

Tho current results of th4s st_ e_traet are m_a_ed in etsht Tolmes:

Volme 1 - s.m_7, _ 0pats. 1

Volme 2 - SuamLr:v, _ Option 2

Volume 3 - Summa7, Prospero Option 3

'l_ese three su_mry voltmN present the h£1hl£6hts o£ the c_rehenst_e data

bug cenerated by NDAC for evalustt_K each of the throe proKrem options. --aeh

volume sunmartses the sq_pllcable option eon_Kua_tton definition, TuK perform-

ante and capabilities, orbital md _d ope_t_, pro_rmtlc end cost

considerations, and smmtt£_11_ sttldios. The omteri_ o_te£nod in these three

volumes is ful_ho_ 8Wms_lm4 in t_o D_tt Dump Ovozs_w Bl_ofln8 14anu_l.

Volt k --Itloston Aee_li_msmnt. (3 Books and 1 8t_plemnt Bound

ToMthor)

This voluae contains _4sston aee_pltsh_ant ene_mis for each of the three

proems, options _od _elu_s the tq rj_t_a peases, _ssto= ee_tm, and

Fleet else anoJ_J_So

Vo].,ne _ - S,_t.om (.3 Boo_)

This vol_e presents the tndepth design, analysts, trade stu_, and sensltlwlt_

technical data For each o1" the e_tl_uration optto_ and each of the Tu_ syste_

i.e., structures, theismS, &wl_ee, and pz_ptt_4o_. Interface vlth the 8hurtle

and TuK p_lo_d8 For oaeh oF tho thaw opt£ons is dof_ned.



, i

i i • i

'_hi3 VO1U_IQ prelentli the Fel_,_l O_ OF_L_I_ II_d I_N:_IIId _erl_iOnl trl4_ll I_(_

optimization studies for each option in the tom of c_erat_ons descriptions,

time lines, support requirements (GSE, ssnpover, I_o_vork|, etc. ), 4_rid res_ta/l_

COltS •

J

Volume 7 - Safety (3 Books)

This vo2ume contains safety info_atLon grad dat_ tot the Tu_ Pro&ram. _pec_.%c

safety design criterLa applicable to ee_h opt£_ _ 4eteRatned and potentLal

safety hazards common to all opt::l.onl _ Identified.

Volume 8- Progra_tics and Coot (3 ]kDok|)

his volume contains su_ry material on Tug Program manufacture, facilities,

vehicle test, schedules, cost, pro_e_t amne6_mat 8lt_, mad risk a0see|ment for

each option studied.

_:_ese volumes contain the data l_luired for the t_t_ee _mw which were

selected by the Government for thil ps_t Of _J_ s_ _md &_e g_ft_ed all:

A° Option 1 is a direct devel¢pmont pro_eea (I.O.C. : Dec 197_). I*.

._._lzes low DDT_E cost; the depl_mnt re;uiremnt Is _OG _oun_s

into _eosynchrono_ orbit, it does _t haw Petrteval capability,

and it is designed for a 36-hour mission. MDAC has also _repared

data for an alternative to OFtio_ 1 which de,flares from certain

requirements to achieve the lowest praotte_ble DDT&E cost.

BI Option 2 is also a direct development pr_r_ (I.O.C. : 1983). It

emphuizes total program cost effectiveness in _ddttLon to low DlYr&E

cost. The deployment requ/rement is 3500 pounds m_nLmum into geosyn-

chronous orbit and 3500 pounds _ninmm ret_r£e_l_ _ geosynehronous

orbi t.

Option 3 is a phased development pro6_m (I.O.C. : 1979 phased to

l.O.C. 1983). It eml_allzeo min$_ _nStlal DDT&E cost and low total

program cost. The initial Tug capability will deploy a minimum of



3500 pounds into geosynchronous orbit without retrieval capability,

however, through phased development, it will acquire the added

espability to retrieve 2200 pounds from geosynchronous orbit. The

impact of increasing the retrieval capability to 3_00 pounds is

also provided.

L
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I •0 CONFIGURATION SUMMARY

VOI/ME 60PERATIOHS

OPTION 3
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• DEBIGN

STRUCTURE

• LO 2 / LH 2 TANK: 2219 TAPER

• OUTER SHELL: AL - ISOGRID

• THRUST STRUCT: FG ISOGRID

• TANK SUPPORTS: FG TUBE

AVIONICll

• COMPUTER: REDUNDANT

16 BIT, 18 K WOS

• GUIO I NAV: o0 3° STAR TRACKER

• POWER: BATTERIES

046 WATTS (TUG)

0 (TO P/L)

CR 143

I_OI_IMJlGN

• CATEGORY I RL-10

§.8:1 EMR

441.8 tip

• PRE8$: AMB. HE

• APS: MONO-PROP

THERMAL CONTROL

• HEAT PIPE PANEL

SIZE

• DRY WEIGHT: 630l) LS

• LENGTH _¢1"_3 IN.

• DIA 17_' I;

• LO;) 42.865 LB

• LH 2 7,894 LB

PERFORMANCE

• MlUlON DURATION: 1.5 DAYS

• P/ L DEPLOY: 4360Le

• ROUNDTRIP: 1630 LB

• AUTONOMY LEVEL; iV

• PLACEMENT ACCURACY:

PROG RAAt OM_RIPTION

• IOC DEC 31 1979

• DEVELOPMENT TIME TO IOC:

• FLEET SIZE: 4

• NO OF FLTS: ETR/WTR:

• PROG. COST:

DDT & E: TBD

INVEST.: TBD

OPS. : TOO

34.9 N. MI.

51 MS

74 /8

F_lt_re I (';onfiguratlon Summary Option 31



• DESIGN

ITRUCTURE

• LO2I LH 2 TANK: 2219 TAPER

• OUTER SHELL: AL- ISOGRID

• THRUST STRUCT: FG ISOGRID

• TANK SUPPORTS: FG TUBE

AVIONICS

• COMPUTER: REDUNDANT

16 BIT, 16K WDS

• GUID / NAV: ,0 3° STAR TRACKER

• RENDZ. & DOCK: LASER RAOAR

• POWER: FUEL CELLS

734 WATTS (TUG)
3OO WAI"rS (TO P/L)

CR 143

PROPULSION

• CATEGORY I RL-t0
5.5:1 EMR
441.8 ISP

• PRESS: COLD HE

• APS: BI-PROP

THERMAL CONTROL

• H-PIPE PANEL

• MLI

SIZE

• DRY WEIGHT: _ LB

• LENGTH: 407.3 IN.

• DIA: 176 IN.

• LO2: 47,363 LB

• LH2: 7,894 LB

PERFORMANCE

• MISSION DURATION: B DAYS

• P/L DEPLOY: 6890 LB

• ROUNOTRIP: 4140 LB

• AUTONOMY LEVEL: Ill

• PLACEMENT ACCURACY:

PROGRAM DESCRIPTION

• IOC: DEC 31 1983

• OEVELOPMENT TIME TO IOC:

• FLEET SIZE: 8

• NO. OF FLTS: ETR/WTR:

• PROG. COST:

DDT & E: TBD

INVEST.: TBD

OPS.: TBO

69.7 N. MI.

51 MO.

234 / 50

Figure _.. Configureation Summary Option 3F



;.).0 ()rbitn.l OperaLions Summary

The following paragraphs summarize the orbital operations of the tug an(i

a;:sociated [,,round support of orbital ops.

.°• •

• 2-/



2.i Mission Performance

The performance capability was computed for each mission in the mission model

and for each mission mode - deploy, retrieve, round trip and expendable.

Table 2.1-1 summarizes the general mission descriptions. The performance

results are given in Tables 2,1-2 through -_ for options 3I, 3F and 3S. A

discussion of the derivation and applications of these data is presented in

Volume IV, Sections i.i, i._, and 1.5.



/
Table 2.i-I

MISSION DESCRIPTIONS

J n I ii I i ,, • i

Mission H. x ,Hp
Wo. nmi ) Incl. Remarks

1-8 19323 0 Synchronous orbit - single burn transfer orbit

l-aA 19323 0

I-SB 19323 0

9

I0

IOA

Ii

12

13

13A

13B

15

16

17-8

19

20

21-2

23

2_

Dll

DIO

DIOA

D5

D3

D3A

D12

D16

IAU Ecllp.

6900 55°

6900 55°

16Kx30K 20°

180x18OO 90°

IKx20K 90°

IKx20K 90 °

1Kx20K 90°

300x3000 90°

700 i00 o

500 99.2°

Interplanetary

58K 0,30,6o

860x21K 63 ._

860x21K 63._

750 99 °

13.6Kx25K 60 °

13.6x25K 60o

300 i0_ °

_00 98.3 °

injection

Synchronous orbit - two burn transfer injection

E_jnehronous orbit - two b_rn transfer injection
with 600 fps fc_ multiple payload deployments

Alternate - Shuttle launched into 28.5 °

ETR Alternate - Shuttle launched into 28._ °

ETRAlternate - Shuttle launched into 55 °

AV- 13000

16500

23000

2_000

18_00

22OOO

Shuttle launch into 63._ ° WTR

ETR Alternate - Shuttle launched into 55 °

Shuttle launched into 60 ° WTR

EI_ Alternate - Shuttle launched into 55 °



CONFIGIIRATION 0P7 31

MI SSION GR_ SS-I.fT

V-0UT

1-8 62665.00

i 3972,00

STAGE _T=7315,00 ISP=441.80 DELISP=4.00

PL-R01_D PL-DEPLOY PL-RETRIEVE PL-EXPLND

U-BACK

1335,76 3588,51 2127.81 15925. Z i

13920.00

I -8A 62665.00

13890.00

1386,27 3724.20 2208.27 16060.79

13920.00

I -88 62665.00

14190.00

9 62665,00

141 60,00

• J 50665.00

9700,00

10A 62665.00

12760.00

I 1 62665,00

12450,00

12 32665.00

228 5,00

3 J;_ O

8400.00

IRA 62665,00

13460.00

I 3B 50665.00

11200.00

I/4 3'2665.00

3600.00

i 5 26,565.00

1700.00

16 26665.00

I 120,00

17-8 62665.00

13140,00

19 62665,00

16740.00

1023.42 2808.60 1610,15 15568.22

14220.00

964,44 2671.27 1509.40 15617.01

14350.00

5465.99 10882.80 10981.61 18131.98

9700,00

2922.37 7230,27 4904.86 18013.35

12760.00

3383.05 8187.84 5765.07 18576.96

12450. O0

16299.5'7 19170.24 1088/48 . 31 20458.55

228 5.00

259 5.66 4712.36 5778 • 68 10677.55

8400,00

1953.80 5080.21 3174.80 16785.40

13460.00

3014.24 6675.72 5495.66 15561.43

11200.00

12277.56 15852.87 54438.61 17983.04

3600.00

13631.58 15380.14 I19901.62 16318.46

1700.00

15429.58 16706.52 201869.75 1731 1.90

1120,00

2309.20 5915.44 3787.85 17339.18

13250.00

• 00 .00 .00 I1778.93

17210.00



2O

21 -2

23

24

DII

DI0

62665,,00
235_0.00

_2665.00
2_600,00

62665.00
18"/20,00

62665.00
22500.00

62665,00
13930.00

48 665. O0
8500.00

,00
2450O°00

.00
25500.00

.00
19550.00

.00
23500,00

! 355.44
13930.00

"/24 1,95
8500,00

.00

,00

,00

.00

3643.95

13241 • 24

.00

,00

2158.24

1598 3.95

4459. II

3613.35

9275.0_

5370.34

1599 4 • 50

19301,04

DIOA

D5

D3

50665°00

9800°00

26665.00
1770.00

48665.00
i 185o.oo

5285.80
9800.00

13424.42
1770.00

1731,80
i 1850.00

10599,03

15221,8 ?

401 6,62

10544.33

113686,00

3044.46

17951.97

16201.30

13667.44

D3A

DI2

D16

50665,00
11920.00

26665.00
500. O0

26665.00
850.00

2010.46
! 1920,00

17522,61
500.00

16318.48
850,00

468 6, 13

18 155,77

17333,52

3521.09

502460,00

278667,12

1/4421,47

18420.09

17788.52



C_INFIGIIRATION OPT 3F

TebLe 2.1-5

KTAGE WT"7039,00 I SP=441 -80 DELI SP=/4.00

HISSIWN GROSS-WT

V-011T

PL-R0 UND

U-BACK

PL-DEPLOY

! -8 62665.00 ! 61 1 • 76 4329.98

1397P. 00 13920.00

!-8A 62665.00 1662.27 /4465.66

I3890.00 13920.00

PL-RETRIEUE PL-EXPEND

2567.46 16201.11

2647.92 16336,79

I-8B 62665.00

1/4190.00

9 62665.00

1/4160.00

I0 50665.00

9700°00

I0A 62665,00

12760.00

1299.42 3566.03 20/44.38 15844.22
1/4220,00

12/40,44 3/435,72 19/41,36 15893,01
1/4350.00

5741o99 11432.32 l 1536. 12 18/407.98

9700.00

3198 • 37 79 13.12 5368.09 18289.35

127.60,00

I I 62.665.00

I 2/4 _0.00

12 32665.00

228 5.00

13 3L._6C=. _O

8400.00

13 A ';_: _ M'5. -j0

13460 • _0

3659.05 8855.83

124 50 • 00
6235,,/41 18852.96

16575.57 19494.85 110691.44 2073/4.55

2285.00

2871.66 5213.43 6393.13 10953.55

8/400.00

2229,80 5797,8 6

13460,00

3623.29 17061.40

13B 50 665.00 3290.2/4 728 6-98 5998.8 7 158 37./43

11200.00 11200,00

14 32665.00 12553.56 16209.2/4
3600.00 3600.00

55662.39 18 259 • 04

i 5 26665.00 13907 • 58 1 5691 . 55

1700.00 1700. O0

16 26665.00 15705.58 17005.36

1120,00 1120.00

122329.3!

205480,75

1 6594 • 46

17587.90

17-8 62665.00 258 5.20 6622.46

13 i/40.00 13250.00

62665 -00

l67/40 .GO
• 00 .00

17210.00

4240.58 17615. 18

.00 1205z.._3



2O 6266.5.00
23550.00

.00
24500 • O0

.00 .00 4735.1|

21 -2 62665.00

24600.00

.00

25500.00

.00 .00 3889.35

23

DII

62665.00
18720.00

62665.00
22500.00

62665.00
13930.00

.00
19 550.00

.00
23500 • O0

• 1631.44
13930.00

.00

.00

4385.95

.00

.00

2597.71

9551.04

5646-34

16270.50

DI0

DI 0A

D5

D3

48665.00
8 500 • O0

50665. O0
98 O0 • O0

26665.00
1770.00

48 665. O0
11850.00

7517.95
8 500.00

5561.80
9800.00

13700,42
1770.00

2007.80
! 1850.00

13745*88

11152.46

15534.83

4656-75

16593.12

! 1094.91

116023.31

3529 • 66

19577.04

18227.97

1 6477 • 30

13943.44

D3A

DI2

50665.00
11920.00

26665.00
500.00

2286.46
11920.00

17798.61
500.00

5329.45

18441.75

4004.47

510374.31

1/469 7.47

18696.09

DI6 26665.00
850.00

16594.48
8 50.00

17626.68 28 3380.31 18064.52

-.._



Table 2.1-_

C_NFIGURATION 0PT 35 STAGE _,IT-68 40 • 00 I SP=462.20 DELI SP--4.00

M! SSI 0N GR0 SS-I_IT PL-ROUND

V-gUT U-BACK

1 -8 62665,00

13972.00

I-8A 62665.00

13890.00

1 -88 62665.00

14190.00

9 62665.00

14160.00

! 0 50665.00

9700.00

10A 62665.00

12760.00

PL- DF_.PL_IY PL-RETRI EVE PL-EXPEND

2608.05 6704.89 4268.34 17449.45
13920.00

2660.75 6840.37 4354.59 17584.93
13920.00

2281.84 5986,85 3687.18 17092.91

14220.00

2220.16 5876.64 3568.23 17141.66
14350.00

6749.23 13032.00 13999,58 19399.26

9700.00

425?.38 10116.85 7350.73 19530.77

12760.00

II 62665.00

12450.00

I P 32665.00

_28 5.00

4734.06 11015.48 8301.93 20091.18
12450.00

17118.16 19988.11 119221.62 21134.87

228 5. O0

I3 32665.00

8400.00
3611.15 6384.18 8313.75 11636.66
8400.00

13A 62665,00

13460.00
3251.99 8103.52 5431.81 18307.86

13460.00

138 50665.00

11200.00

14

4247.07 9078.95 7980.14 16860.77
11200.00

32665.00 13203.56 16855.63 60939.31 18747.55
3600.00 3600.00

15 26665.00

1700.00

l6 26665.0'0

I 120.00

14332.89 16084.77 131597.75 16920.79

1700.00

16066.18 17334.34 219608.87 17874.23

1120.00

17-8 62665.00

13140.00

19 62665.00

16740.00

3621.42 8896.45 6107.61 18859.71
13250.00

.00

17210.00
• 00 .00 13291.43



20 62665.00
23550000

.00
24500,00

.00 .00 5843.98

21-2

23

24

DII

DI0

62665000
24600.00

62665.00
18720000

62665.00
22500.00

62665.00
13930.00

48665.00
8500.00

000
25500 • O0

000
19550.00

000
23500 000

2628 • 59
! 39 30 • O0

8 520 • 52
8 500 • 00

000

000

.00

6?62027

15166.02

000

000

.00

4300.09

19445.1 2

4971098

10761 • 29

6780.35

17518.75

20500.8 1

DIOA

D5

D3

D3A

DI2

DI6

50665.00

9800.00

26665.00
1770.00

48665.00
11850.00

50665.00
11920.00

26665.00

500.00

26665.00
850.00

6566.13
9800,00

14132.77
1770.00

29 10.54
118 50.00

3215.31
11920.00

18076.26

500.00

16920.80
8 50.00

12764.74

15935.67

6502.31

7217038

18699.84

17925.08

13521.58

124918 • 75

5269'06

5798 • 54

542067,44

3020130 50

19221.88

16808.23

14943.25

15731.05

18935.80

18331.05



MISSION DURATIO_

One of the factors affectin6 flight operations effort (or test) is mission

duration. Since there are many different types of misslons which vary in time

on orbit and since some of the ground support tasks are proportional to nission

duratton it was necessary to calculate a time for each mission required by the

mission model. This was done by using the timelines for the reference missions.

The 6Tound rules for computing these times and a list of missions with the

calculated time for each areshown below. In order to simplify the computer

programming for the flight operations cost runs the specific mission times for

all the missions flown for a given year were averaged to produce a single number

for that year which would provide the proper results.

j

-/0



GROUND RULES FOR COMPUTING MISSION TIMES FROM THE REFERENCE MISSION TIMELINES

Mission time is defined as the total elapsed time from Shuttle launch to Orbiter

landing.

D For Option 1 and Initial Phase of Option 3:

a. For dedicated missions the Tug on orbit time (from Orbiter deployment

to Orbiter retrieval) is 36 hours.

b. For multiple deployments all payloads are deployed simultaneously.

c. There is no retrieval missions.

2o For Option 2 and the Final Phase of Option 3:

a. For the roundtrip mission the deployment and retrieval are in the

same location.

b. For dedicated missions the Tug on orbit time is 6 days.

c. For multiple deployments, payloads are deployed in the same orbit with

2 revolutions to obtain 60 ° orbital separation.

d. For multiple deployments with retrieval, payloads are deployed as above

and the retrieved payload is in the same location as the last deployment.

e. Rendezvous and docking requires 6 hours.

f. Payload spin-up requires 1/2 hour.



ORBIT NO. SYM

Synchronous
Equatorial (1 ) A

" (2) A(2)

" (3) A(3)

" (4) AE

" (5)

" (6)

" (7) A(2)B

" (8) A(3)B

" (9) B

Low AV (10) A

High Inclina- (ii) A(2)

tion,, (12) A(3)

" (13) AS

" (i4) BA

" (15) A(2)B

" (16) B

High AV (17) A

Med.Inclination (18) A(2)

" (19) A(3)

" (20) AE

" (21) AS

" (22) A(3)B

" (23) B

Planetary (24) A

" (25) A(2)

" (26) AE

MISSION

Single Deployment

Double Deployment

Triple Deployment

One Deployment - Expend Tug

Roundtrip-Deploy one, Retrieve one

Dedicated

Deploy two, Retrieve one

Deploy Three, Retrieve one

Retrieve one

Single Deployment

Double Deployment

Triple Deployment

Round Trip

Dedicated

Deploy Two, Retrieve One

Retrieve One

Single Deployment

Double Deployment

Triple Deployment

One Deployment - Expend Tug

Roundtrip

Deploy Three, Retrieve One

Retrieve One

Single Deployment

Double Deployment

One Deployment - Expend Tug

OPTION i OPTION 2

TI_ (mS) ,

43 43

43 91

43 139

21 21

20 43

48 156

- 91

- 139

- 43

23 23

23 23

23 23

23 23

h2 150

- 23

- 23

35 40

35 40

35 40

15 15

- 40

- 4o

- 40

32 32

32 32

i0 i0

2 -/2_



Min, i,on ,capture

Mission model capture analysis inTolYed the usi_i_ of each payload in the

_sslon model to specific fli_s. The 18stpment involTed consideration of

tug capabilities (a_labiltty, pl_load vetght, maneuTer capability, and

liSllon duration capability), 8hurtle COaltratnts (&wLilabtltty, cargo bay

dl_nsions, l_71oad weight and launch constraLnts) and payload characteristics

(weight, physical dilenstons, launch schedule, _sston constraints such as

DOD liSSton sodee). Payloads were combined to _ni_se the number of tug

flights necessary to perform all of the liSStons identified in the _sston

model.

The Flight 8tm_e, ry is shown in Table 2.1-3. Out of 558 missions the Option

3 T_ psrforml 525 and requires 366 flights to aecclpltsh them. The 33

llssld flights are due to the Shuttle li_t of 3 Tu6 _sstons in 1980 and 21

Tt_ _81tOnl in 1981.
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ACPS Capabilities - Option 31

Option 31 ACPS requirements are to provide 3 degree of freedom attitude control

and a limited amount of axial _V capability. The Z_V requirement is for pro-

pellant settling and pa_load backoff. The selected monopropellant blowdown

system has a thrust range of 27-16 ibs and provides the following control

characteristics.

Pitch/Yaw Roll

Acceleration Acceleration

Pitch Yaw Minimum

Limit Cycle Rate

Roll Minimum Limit

Cycle Rate

Min .135°/d 2 1.78°/s 2 .002°/s .027°/s

Max .581°Is2 2.67°Is2 .009°Is .04°Is

0.1°/s Required

Total impulse requirements for the Option i vehicle are 13200 ib sec for atti-

tude control and 34400 for propellant settling giving a total of _7600 ib sec

which is well within the 65000 ib sec capacity of the selected ACPS tankage.

ACPS Capabilities - Option 3F

Option 3F ACPS requirements are to provide 3 degree offreedom attitude control,

3 degree of freedom translation control, and axial_V capability. The selected

bipropellant system has i00 ib axial thrustors and 25 ib tangential thrusters

and provides the following attitude control characteristics:

Pitch/Yaw

Acceleration

Roll Pitch Yaw Roll

Acceleration Limit Cycle Rate Limit Cycle Rate

Min .321°/s 2 2.0°/s 2 .O05°/s .03°/s

Max b.O°/s 2 3.65°/s 2 .06°/s .055°/s

O.l°/s required



Min

Max

Axial
Acceleration

•2 ft/sec 2

I. 8 ft/sec 2

Translation and _V

Lateral

Ac celerat ion

Control/Disturbance

Moment During
Lateral Acceleration

Synch Retrieval

.34 or .68 ft/sec 2 .17 ft/sec 2 6.5:1 (> 2:1 desired)

Total impulse requirements for Option 3F are 73000 ib sec for attitude control

and_V and 85000 ib sec for propellant settling for a total of 158000 ib sec

which is well within the 176000 ib sec capacity of the selected ACPS tankage•



2.2 Ground/OnboardFunctional Requirements

FLIGHTOPERATIONS

Definition of this program option must include a description of the

operational functions that must be performed by the associated Tug

design/configuration. The operational conceptfor the autonomy level of

this option, developed earlier and modified to be consistent with the

latest changes, is included herein. Since the differences between autonomy

levels III and IV are minor software variations, the same operational

concept applies for both autonomy levels. Also, since all the configura-

tions of the three options are based on either Level III or IV, the concept

is essentially identical for all three options. First and second level

functional flow diagrams for each of the four reference missions may be

found in the Appendix.

Following the operational concept is a brief description of the analysis

that was performed to estimate the effort and cost of the operations

(recurring and non-recurring) for this option. The summary results of this

analysis for both NASA and DOD are shown.



OPERATIONALCONCEPT-- AUTONOMY LEVEL III AND IV

LAUNCH AND ASCENT

Orbiter provides environmental control, power, structural attachment and

propellant venting and dump lines. Tug remains quiescent with electronic

equipment in standby mode.

.J

PRE-DEPLOYMENT CHECKOUT

Mission Support Operator (MSO) in the Orbiter activates and checks the Tug

subsystems by means of the onboard automatic Checkout equipment. The MSO

initializes the Tug computer and aligns the Tug IMU. The MSO disconnects

the vent and dump lines and releases the stowage retention devices.

TUG DEPLOYMENT AND SEPARATION

The MSO rotates the Tug out of the cargo bay to launch position. The MSO

connects the manipulator to the Tug, disconnects the umbilicals, releases

the base ring attachment devices, moves the Tug away from the Orbiter and

releases it. The MSO activates and checks the APS, attitude control and

main propulsion by RF link.

The MSO performs post separation subsystem checks by RF link to the auto-

matic checkout equipment. The MSO transfers control tothe Tug by RF link.

Upon acquiring control, the Tug is programmed to maneuver to a local

vertical/orbit plane orientation in preparation for the first main engine

burn. An inertial orientation will generally be maintained throughout

.... the mission except for main engine burn periods and when payload thermal

requirements dictate otherwise.

PHASING, TRANSFER, AND INJECTION INTO ORBIT

The data management system (DMS) receives the propulsion burn parameters

from the ground via RF uplink command sequence and executes the commands

at the appropriate time to perform the required attitude maneuvers, check

the subsystems readiness and make the main engine burn. The velocity

increment actually measured along with other pertinent data is reported

by RF downlinkto Mission Control. Ground tracking and computation will

-/8



determine if and when midcourse corrections are necessary between principal

burn locations and the degree of correction required. The appropriate burn

parameters will be transmitted to the Tug byRFuplink command and executed

by the DMS at the designated time.

PAYLOAD DEPLOYMENT AND SEPARATION

Prior to arriving at the desired location in the required orbit, Mission

Control transmits an uplink command to enable payload deployment. Upon

arrival at the desired location, the DMS executes a stored sequence to

accomplish the following:

Activate the docking subsystem

Disconnect the payload umbilicals

Splnup the payload if required for stabilization

Release the docking ring latches to uncouple the payload

Fire APS thrusters to provide separation distance

Deactivate the docking subsystem including the spin mechanism.

Upon completion of deployment, the DMS is programmed to report accomplishment

to Mission Control. Mission Control then transmits commands to initiate the

next phase of the mission operation.

R_DEZVOUS AND DOCKIH@

After the appropriate burns and coast periods to place the Tug within normal

rendezvous range of the payload, Mission Control will compare the relative

orbital positions of the Tug and payload, as determined by ground tracking,

calculate the azimuth from the Tug to the payload and cosuuand the proper

orientation of the Tug to permit acquisition of the _ayload by the



rendezvous sensor (laser radar). The rendezvous sensor will acquire and

lock on to the payload which is passive. In the event thc Tug has no

rendezvous sensor, this azimuth pointing is not necessary. Mission Control

will ascertain by RF link whether the payload is ready for rendezvous.

The rendezvous sensor provides range, range rate, and angular line of sight

data to the data management system which transmits it to the ground for

computation of the rendezvous intercept maneuvers and the terminal phase

initial burn parameters. Upon receipt of an uplink command sequence, the

data management system commands the Tug to maneuver to the required

attitude, checks subsystem readiness and commands the APS burn to acquire

velocity for target payload intercept. After the designated coast period

the data management system will command an APS burn to decelerate the Tug.

For the Tug without the rendezvous sensor, the terminal phase initial burn

and subsequent deceleration will be determined solely on ground tracking

data.

During the coast period, Mission Control will verify the payload readiness

for docking by RF link and command activation of the docking subsystem.

The range, range rate, and angular data from the sensor will be used by

Mission Control to determine final intercept maneuvers, compute the termi-

nal phase final burn parameters and determine the payload docking mechanism

orientation. Without a rendezvous sensor, the final maneuvers and burn

parameters must be ground computed from tracking data until docking sensor

acquisition is obtained.

During final target closure the docking sensor will determine the docking

structure orientation and the APS impulse sequences required to maneuver

o2



the vehicle to a position along the docking axis at the desired precontact

range will be commanded. At this point the sensor will verify proper

docking alignment and the APS system will maintain this attitude orientation

while providing the desired closure velocity through contact. If the

payload is spinning, the Tug docking ring is spun up to an equivalent rate

before docking occurs.

After contact is established, payload subsystems are passivated and the

payload is de-spun by the docking ring drive. When the payload rotation

has been sufficiently slowed indexing will be accomplished to stop it in

the proper position so that umbilicals can be reconnected. The payload

will be safed and configured for return while the Tug is maneuvered to the

proper orientation for initiation of the next phase of the mission operation.

RERDEZVOUS kITH ORBITER

The Tug will be returned to the proper orbit for rendezvous with the Orbiter

and will assume a stationkeeping/passive role during the rendezvous.

After eonnnunication is established, Tug control will be transferred to the

Orbiter but attitude control will be automatically maintained.

As the Orbiter closes on the Tug, Tug subsystems will be deactivated and

safed prior to attachment for retrieval.

When the Tug has been resecured to the base ring and retracted into the

cargo bay, the mnbilicals and vent lines are reconnected and the Orbiter

again provides basic services to the Tug during reentry, descent and

landlng.

.2-.2 /



2.3 OItBITAL OPERATIONS COSTS

ORBITAL OPERATIONS COSTS ARE PRESEI_fED IN THIS SECTION IN TEI_v_5 OF MANIIOURS

AND COMPUTER HOURS FOR THE FOLLOWING WBS ITEMS :

PHASES

• WBS 32A DESIGN, DEVELOPMENT, TEST & EVALUATION (DDT&E)

PHASE (NON-RECURRING)

• WBS 32C OPERATIONAL PHASE (RECURRING)

LEVEL 4

• FLIGHT 0PERATIONS, NASA

• FLIGHT 0PERATIONS, DOD

LE_EL 5 (SAME FOR EACH LEVEL h)

• MISSION PLANNING

• FLIGHT CONTROL

• FLIGHT EVALUATION

• FLIGHT SUPPORT SOFTWARE

_2 -22
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FLIGHT OPERATIONS COST METHODOLOGY

ESTABLISH A BASELINE CONCEPT

- 1 DAY MISSION

-AUTONOMY LEVEL IV

- ii YEAR PROGRAM

- CONFIGURATION 101

DEI'ERMINED MAN HOUR AND COMPUTER HOUR ESTIMATES

- EXPERIENCE FROM PAST PROGRAMS

SATURN

THOR DELTA

- TIME AND SKILL/COMPUTER

MAINTAIN A MINIMUMFLIGHT OPERATIONS CREW (60 MEN) AT HOUSTON
FOR NASA FLIGHTS AND A SECOND CREW AT SUNNYVALE FOR DOD

FLIGHTS

REMOVE TRACKING NETWORK COSTS AND ADD NETWORK OPERATIONAL

REQUIRE_NTS
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FTaGHT0PEBATIONS

WBS32C-11/12 (OPERATIONS)

01 MISSION PLANNING

oi - (519_ + 6 CH) MDx_ + (104 MH + 1.2 CH>

02 - (2080 MH + 31.3 CH) AIxRDxSPxPD

03 - (173 MH + 2 CH) AI x NF + (35 MH + 0.4 CH) AI_xSP

04 - (4160 MH + 172 CH) RDxPDxSP _"

05 - (4160 MH) AIxRDxSPxPD

06 - (2o8o_) _xRDxSP

O7 - (4160MH) AIxgmxSPxPd

08 - (4160 MH) AIxRDxSPxPD

09 - (4160 MH + 27.3 CH) PD

02 FLIGHT CONTROL
/i

01 - (h80 MH + i CH) ADxMDxNF + (96 MH + 0.2 CH) NFRDxADxSP

02 - (960 MH + 5 CH) MDx/IF + (192 MH + 1 CH)EFRDxSP

03 - [(32 + MT) i0 MH + (32 + MT) CH] ADxNF

o4 - [(32+ w_) io MH] ADxNF

05 - (160MH + 8 CH) ADx_F

06 - (16oMH + 8 CH) ADx_F

07 - [(16 + MT) 40 MH + (16 + MT) CH] ADx3-F

03 FLIGHT EVALUATION

oi - (16oMH + I0 HC) MDxNF

02 - (16o MH+ 10 CH) MDz._F

03 - (6hoMH + 2 CH) MDxNF

04 - (_8o _). MDxt_F

04 FLIGHT SUPPORT SOFTWARE

01 - (Mission Planning) 0.i0

02- (Flight Control) 0.i0

03- (Flight Evaluation) 0.i0



MISSIC_ COFI'ROL CEI_ER

CENTER PERSONNEL

• SAME CONTROL _ AS US_ FOR

SPACE SHUTTLE CONTROL

• DEDICATED COMPUTER FOR DURATION

OF TUG MISSION

• MISSION DURATION OF 56 HOURS

(28 HOURS PRELAUNCH, _ HOURS

CO_TINGHNCY, FOR HOLDING, AND
2_ HOURS FOR TUG MISSION TIME)

• FLIGHT DIRECTOR

• FIVE FLIGHT CONTROLLERS PER SHIFT

REQUIRED FOR TUG SUBSYSTEM STATUS
MONITORING STATIONS

• TRAJECTORY & GUIDANCE

(P_NDEZVOUS a DOCKING)

• PROPULSION

• ELECTRICAL POW_

• THERMAL & MECHANICAL

• DATA MANAGEMENT

• I_ TECHNICAL SUPPORT PERSONNEL

PER SHIFT TO RESOLVE IN-FLIGHT

ANOMALIES

• TOTAL OF 20 PEOPLE PER SHIFT
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.....OP T!ON

.......TOTAL

NLJItFEP

. PHO(iFIAP. .... _.O.TLT_

(Jr rl. I :;HTS 1217,'.

ALITONOHv LEVEL • 3,...

____NA Sk __B.I.561 (,_N.......

LAUNCH F_Ort VwTR • 37,,'.
.o

LAUNCH fROrt ETR m LBC, .."

FL I GH T__OF_EA.T.I_ILS__R EgU =_o! ",- •

,4̂ I_Hr,UI'S

r,o_,_ (NASA ONI.y)

COHPUTEH HOUriS COSTS

MISSION PLANhI_.;G • 3_73.'.7,_ 3388,9

_LIGHT EVALIJLTIOt! u 3pS_lno_ 486_,5

.9044096,4

g-_.,5

9631028,2

FLIGHT 50_TWA_ =

UNUSED.-- _tA[J_IOURS.__z _

TOTAL _V_, hO!lPS s

T_TAL r,FS,--¥;ET_ • 3_

ZR9.46_, _ 2362,0

_4_67o7 23619,8

90463B_,9 44926411,1

FLIOHT OPERATIONS ,JoA-REeU_RII!n COSTS (TOTAL PRO_RAr_FoRI_'rliOe_NASA)

HA_nUnS

HlSS|ON--.I_LANN-II_G-----m - "_,'_,f.-

FLIGHT CONTROL m 52263.9

FLIGHT EVALUATION • 3o'_

r- I..I.GIH.T----_ OE-T-kl-4RE------_-- 1T8O05.2

TOTAL DOT E HOURS • 709133.7

....... TO1;AU--t " ;E.....

COHPUTER HOurS COSTS

OoO 1175938.2

0,0 0,0

' 3122.3 --'-5200963.6

COSTS•

5130.3

I 15955509.0 1961_90_..9 179201_29.0



OPTION =

-TOTAL ..... _KOGRAH ..... COS.T3

NIJMBER Or FL.I_HTS =t49,_

AUTONOMY LEVEL • 3,0

--.DOJ1-H3SS.I_N- ........

LAUNCH FROH HTR • 2¢,g

LAUNCH F'HO_t ETR =t26,_

--_LZGH_---OPEBA_Z_N_ RECU_D!_IG

_ANHOJRS

-HISSION PLANNING •

• (oo= o.Lv)
CO,PuTERHOURS COSTS

31B_,94t_ 2709,8 73_9735,0

_[L | GH.7.... (; 0 _LT_ROL__L

FLIGHT EVALUATZON =

FLI ,HT so TWAR .

3?&_O_.p 892_:6 153t¢JL5.f,.4

3_7_79,_ 340B,2 7848924,6

1_4_97t_ 1671_3 374P026o9

_UNUSE_ .... HANHOUR_L

TOTAL _PS, HOURS • IZal_7O,n _6712,8

TOTAL _PS, CO[;TS = 27944_44,_ 640099_=0

--OPER&ZI_NS-PER/_.LC-_gST_ - 730505:7

FLIGHT OPFRATIOPJ$ *!ON-RE_UqRII]_ COSTS (TOTAL

3434_341,9 J

"t AN,,I_ UqS

--N-|.SS l ON---PL _,NN.I 4 G--z-

FLIGHT CONTROL =

FLIGHT EVALUATION • 3_

--.E. I,,.I.GH I-_. SOE.ZI_A RE_._=_ 178005.2

TOTAL DDT E HOURS • 709133.7

TOTAL DDT E COSTS • 15955509.0

52263.9

COHPUTER HOurS COSTS

200_,: 1t5_2";L6,2

000 1175938.2

0_0 0,0

3122.3 -- 5200963.6

5130.3

196h9oh.9 1792o_29.o
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J
2.h Shuttle Interface Requirementp.

The Orbiter/Tug interface subsystem is composed of the extensions of major

Tug subsystems to the Orbiter as are necessary for performing the major pre-

flight, flight, and post flight operations. These operations are:

o PrefliKht Ground Testing and Checkout

o Launch Phase Monitoring

o Pre-release Checkout

o Activation of Subsystems

o Deployment of the Tug/Payload

o Monitoring in Orbiter Proximity

o Monitoring during Tug Mission Operation

o" Command/Control in •Orbiter Proximity

o Subsystem Deactivation

o Retrieval of theTug/Payload

o Stowage of the Tug/Payload

o Fasslvation and Safing of Tug/Payload

o Return F_ight Monitoring •

o Safety Provisions

o Ground Support Interfacing

• %

The Orbiter Tug/interface represents the provisions for mating two major systems --

each of which is capable of independent operation when parted in space. While

mated, the Tug is dependent to a degree upon the support capabilityof the Orbiter

and of the ground through the Orbiter. Although passive during most of the

launch and landing periods, continuous safety and subsystem status monitoring

is sustained by the Orbiter crew.

The Orbiter conducts many missions which do not include the Tug, however, and

it is essential that the Tug interfaces produce minimum design and operational

impacts upon the Orbiter. In order to minimize these impacts, the Tug ancillary

hardware is designed for easy removal and installation. The cabin provisions

consist of a dedicated portion of the Mission Specialist Station and multiplexed

interfaces with the Orbiter Data Management, computation, and display equipment.

This allows accessing and display of TUg subsystem status for monitoring,

diagnosis and, through the Tug-unlque dedicated panel section, sufficient

Control to take corrective action.



The interface functions and interface hardware were described in detail in Vol. V, •

Section 2._.5 and the design approach, requirements, and cha_.acteristics were

described in Section 2.5.4.

The principal functions and hardware groups are listed below and are shown in

Figure 2.4-1.

The major Shuttle/Tug interface operations and support activities which define

the Tug operational support requirements placed upon the Shuttle are shown

in Figures 2.4-2 (pre-launch and launch operations), 2.4-3 (on-orbit opera-

tions for Tug deployment) and 2._-_ (on-orbit operations for Tug retrieval).

Operational details and timelines are provided in Section 6.5.1, crew

activities and functions in Section 5.2, and Shuttle computer support

requirements in Section 5.3. The abort operations and the supporting

analysis are contained in Section 6 and are summarized in Section 2.5.



FUHCTIONS

O Operations (listed above, and discussed in Section 6.0).

0 Safety (discussed in Volume 7.0).

o Structural/Mechanlcal Support (attachments, mountings, manipulation

provisions )

o Fluid/Propulslon Support (fill/drain�vent/purge/abort provisions)

o Thermal Conditionin_ Support (temperature control provisions)

o Avionics Support (electrical/electronics, checkout/monitor/control

provisions, with data management, communications, electric power,

gu.idance/navigation/control subsystems)

o Payload Support (checkout/monitoring, control, caution/warning, safing,

electrical power circuits routed through the Tug)

HARDWARE GROUPS

o Tug Support Structure (tilt table)

o Tug Support Attachments (hard points, latches, locks, support frame adapters)

o Remote Manipulating System (RMS arm is part of Orbiter mechanisms, TUg-

unique end effector with TV and lighting is char_ed to TUg support)

o Fill/Drain/Vent/Purge/Abort Line Assemblies (includes vacuum-_ acketed low

temperature lines and purging provisions)

o Fluid Panels and Retraction Mechanisms (purging provisions, locks, actuators,

drives, drive controls)

o Electrical/Electronics Support (instrumentation, sensors, caution and

warning circuits, electrical cables/connectors, interface units, Junction

boxes, test points, inhibit functions/circuits/buses, drive control

electronics, TV/lighting)
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2.5 Abort Anal_sis Summary

The abort analysis is derived from an assessment of the requirements, con-

straints and design limitations. The selected abort provisions were described

in Volume 5, Section 2._.5._ for both suborbital Mode III and Orbital Mode

IV, V, or VI aborts. The options considered are discussed in the trade study

reported in Section 12.6. The selected options for cryogen handling for

both normal and aborted missions are shown in Table 2.5-1.

The timelines are provided for each of the selected abort options in Section

6.1; the shuttle requirements to support these timelines are given in

Section 6.2; an altitude versus time analysis is provided in Section 6.3,

and analyses of the Delta-V implications of propulsive abort dumping and of

the effects of reduced weight during main engine operation are given in

Section 6.4

The conclusions reached and a summary of the abort analysis are provided by

Tables 2.5-2 and 2.5-B.
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Table 2.5-1

CRYOGEN IIANDLING

CONDITI ON LO 2 Lli 2

Normal Mission

Passlvation :

(Before T_ capture)

o Keep residual L0 2

o Vent above 18 psia

o Flow residual LH 2

through engine down

to 3 psia

Venting:

(After Tug capture/

stowage)
o Keep residual LO 2

o Vent above 18 psia

o Vent again to 3 psia

o Fill with ambient He

to 26.3 psia

o Vent down to 16ZI psia

o Vent above 18 psia

Aborted Mission

Suborbital:

(Mode Ill)

Dump LO 2 to 15 psia:

(i) During en£ine firing,

20% minimum through

3" abort line

(2) After _T Jettison,

remainder through 3-

inch abort line

Nominal

o Keep LH 2 in tank

o Vent above 18 psia

Alternative Study Outions

o D_p sequentially

after Leo (CG con-

straint)_down to

1]OK ft through hew 5

inch abort lines

o Dum£ simul_, thru 3-1n.line

Orbital :

(Mode IV,V,VI)

Dump LO_ to 15 psia:

PrimaryZMethod:

(i) During orbital i'lig,_,

i00_ through 2-_nch

F/D yort ai_d tap to

3-inch abort line.

Alternative (Backup,)

Me_hodf.

(1) During orbital f'ligtlt,

_0% through 3-inch

abort line

(2) During reentry glide,

remainder through

3-inch abort line

2-9 7

Preferred-Options 2 & 3F

o Dump under vapor

pressure to 15 psia

o Keep remainder

o Vent above 18 psia

Preferred-Options i & 31

o Dump under vapor

prussure to 3 psia

o Fill with ambient He

to 26.3 psia

o Vent down to 16Zl psia

o Vent above 18 psia

Altc!ngfli ve (BackuP)

o l_eep LiI 2 in tank

o Vent above 18 psia
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-- 2.6 O_eratlonal Complexity _._._

" Optlbn 3 includes tvo:T_ configurations, an init_:i_ and _final. The in iris!

configuration has low performance c_pahility and no retriev_. Lack of r.endez-

• vous docking, and s_tn-up capabilt_%.ad short mission duration contribute to
O , . :_ _,..

& lov level of complexity. The number _ critical events ts lov due to limited

mission capabilities and duratic_._h also results in lc_ complexity, The
L _ j

lov natonomy level (_) increases _l_%exity but 'the :overall, level is considered

The final eonfigura_:ion has high _£_ee capab$_tY_i:_endezvous0 docking

and spin-up eapabtlZtyi:•longer (s_) mission dur_ and a resulting.high "

nuabe_ of critical e_s. All of ,these factors incur high complexity.levels

as does the low auton0Ey level (I_:)_ ' The overall ie0_, plexity level is COB-

sidered to be high.
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2.7 KICK STAGE DATA SUMMARY

The use of a kick stage on four of the NASA planetary missions (19, 20, 21 and

23), with both initial and final Tugs, and one DOD mission (lla), with the

initial co_flguration, allows these missions to he flown in a reusable mode

with the Tug. These were the only missions where the use of a kick stage was

required.

A range of acceptable kick stage sizes was established parametrically for the

NASA missions. A survey of existing solid rocket motors was made in an attempt

to identify an existing stage which could be utilized for the Tug missions.

Several constraints, such as stage length and thrust to weight were used in

making the final selection. The stage most nearly meeting the requirements

was the second stage of the Polaris A3. _his stage is considerably oversized

for the DOD mission but can be flown in an off optimum manner. The use of a

smaller kick stage was not considered cost effective.

Design details of this stage are classified and may be found in the confiden-

tial document Rocket Motors Manual (U), Unit 211, C_emical Propulsion Informa-

tion Agency, John Hopkins University.

In an attempt to minimize changes to a standard tug/pa_load interface, the tug/

payload/kick stage interface shown in Figure 2.7-1 was conceived. B_ replac-

ing the standard tug/payload interface truss with the one shown, the tug/

pa_load interface remains the same, with the exception that the interface plane

moves forward. The longer struts allow the kick stage to interface directly

with the paylodd interface ring. There is no direct structural interface

between the tug and kick stage. The longer struts were designed by the com-

bined payload kick stage loads. Electrical interface between tug and kickstage

is acc°modated through the tug/p_load electrical interface panel. In

essence, the kick stage appears as part of the payload to the tug.

Operationally, the Tug separates from the payload/kick stage combination in the

same manner as separating from a payload. The Tug provides the proper flight

path angle prior to separation. After an appropriate separation distance is

established, the kick stage is fired completing the payload velocity requirement.

The kick stage must provide thrust vector control during its burn. The tug is

then free to return to the shuttle.



Payload

Kickstage
to P_y1oad

Structual_
Tie

Tug/Payload

Klck Stage
--Interface

Plane

I
f

Fly, Ire 2."7-_. / TUG/PAYLOAD - KICKSTAGE INTERFACE .J

-EL



3.0 ORBITAL OPERATIONS PERFORMANCEDATA (SOFT Panel Forn_t)

The parmetric performance capabilities (p_71oad vs. velocity curves) for

three inclinations, 28.5 deg, 55 deg and 90 dq, were determined for each

configuration. Option 3I and 3F data are shown in Figure 3-1 through -6

with the other options following in sequence. Additional details of the

assumptions and applications pertaining to these data are given in Volume IV,

Sections 1.1, 1.3, and 1.4.

_J
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)_.0 Orbital Opcr,%tions Costs

The I"]ighi, operational ftu%ctions are described in the following Fli_ht

Operations description sheets, Sections h.l througll h.9. Costs _1"e :-:',_sen".ed

in tea-ms of ground support manpower and computer hours in these sheets.
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These data as shown in Fig. h-I and h-2 are summarized in this section and

are converted to dollars.
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FLIGIrr OPERATIONS, •OPTION _- LATE :EPC,

The Work Breakdown Structure for the Tug Study divides the flii_ht operaLions

into four areas or blocks, namely: _llsslon. Plannlng,, Flight Cont2_l, Flight

Evaluation, and Flight Support Software. In order to develop a means of

assessing the relative complexity of flight operations for various _l_

confi_urations, it was first necessary to adequately define fli_h_ operations.

_%is was accomplished by analyzing the four WBS blocks to determine the specific

tasks required in each. These tasks fell into three catvzorios: one tl.-.,eefforts

completed prlor to the first operational fllght, a continuing level of effort

for the operational llfe of the program, and those efforts performed once

for each flig,ht. %_e one time efforts were considered to be p,,rt of the DDT,',E

activities (32A) while the continuing and per flight efforts were _¢si_ned to

the Operations activities (32C). With this format developed, a reference

configuration was chosen (Number i01) and an estimate wa_ made of the manhours

and computer time required to accomplish each flight operations task consider-

ing the specific characteristics of that col)figuration.

With the refere.nce conf_._uration e_timates determined as a coint of dtqmrture,

it was ncce::_ary to e._tablish criteria or a rationale for as_,....._,ffthe

operational worklo.n.d differences between confiF.uration_. An aualy¢is of thi._

area concluded that the workload was proportional to the. opcratlonal complexity

of the confi,,_uratioz_ and the mission. It was al_o decided that the confi_.uration

eom.nlexit.y could primarily be measured by autonomy level and the m[s::ion
,0

complexity by mission duration. _Since the reference configuration was

autonomy Level IV (com nletely dependent on ground support/simple onboard

equi]_ment), Level IV was given a reference v_lue of 1.0 and the other' levels

given relative values to reflect the de_ree of difference. _hen autonomy

level wan used to measure workload related to ground support depeadence, the

workload doe,'eased with increasing autonomy levels and values were assi_,ned as

:;},own below. It was assumed that F,round support effort would not be charg, ed

to highl._f autonomou_ confi_uratlon_ not rec,uirlng that support even though

experience indicates that it may be required for some other 1"eason. Some

ta._k workload:: are proportional to the complexity of onboard equiprlent and

_h(:re_ore inc:c¢:ase with increasin_ autonomy levels, (Level II was considered

the hi_hcst level becau._c of the add.itlonal mission plnnnin_, capability.) Values

_e_'o also a::::i_ned as _hown below:



AUTONOMYLEVEL E0__UIPME_IT CO_,_PLEXITY VALUE DEPE_DF_NCE ON GROUND S'IPPORT VALUE

IV 1.0 i. 00

III I. 5 •67

I 2.0 .50

II 2.5 .hO

Since the reference configuration was a minimum (1 day) mission configuration, a

reference value of 1.0 was given to the 1 day duration and the other durations

were assigned relative values as follows:

MISSION DURATION

DAYS VALUE

i 1.0

1.5 1.1

3 l.h

6 z.o

Assignment of these values take into account the fact that a configuration

capable of longer duration missions does not fly• all long duration missions and

the averaze mission length is actually shorter. To Obtain a more precise

assessment of the effect of mission duration, actual mission time in hours for

each flight can be used in lleu of the single mission duration factor value above.

Some tasks must be perforvaed for each flight and, therefore, the reference

configuration estimate (per flight) must be multiplied by the number of flights.

For those configurations where phasing Occurs from an initial to a finai

configuration, the continuing level of effort tasks were factored for the number

o£ years the configuration is to be operational. •Since the total operational

program is eleven years and the configurations are operational for either four,

seven, or eleven years, the following values were assigned:

PROGRAM DURATION

OPERATIONAL YFARS VALUE

ii 1.0

7 0.7

]l, O. h-



_lle the program duration factor proportions the effort between two _hascd

configurations, it does not take into consideration that many of the efforts

completed for the initial configuration must be repeated for the final eonflgura-

tlon. To take this into account a factor was establlshed as follows:

DE_E.,LOPMENT PROGRAM

DIRECT DEVELOPMENT VALUE PfFASF/)PROGRA/4-VALUE

1.0 1.7

Since the reference configuration did not have retrieval capabillty additional

complexity is intro_3uced by those configurations having rendezvous, dock_n_ and

payload spin up capability. Appropriate values were assigned to the_e factors:

REndEZVOUS _D DOCKING

NOT RE_ RE_OUIHED

1.0 1.2

PAYLOAD SPiN-UP CAP AB_TT:ITY

NOT R_O_ REOUIRED

1.0 l.Ob

With all the complexity factors deflr_d, an assessment was made for e_ch task

to determine which factors affected the effort required relative to the reference

configuration and how they varied. A stmtmarymatrix of the tasks and factors is

shown on a following page.

Using the manhours and computer hours estimated for the reference configuration

and app]_ing the appropriate factors to each opera.ions task, equations were

prepared which could be computed'and summed to provide the total flight

operations effort for any Tug program or configuration. A computer p_ozram

ineorporatlng these equations was developed toprovidc maxi_:_n flexibility

in determinlng flight operations efforts for various programs and trade studies.

Separate manhours, computer hours and dollar costs are computed for each WBS

element (Mission Planning, Flight Control, Fllght Evaluation and Flight Support

Software) in the DDT&E (WBS 32A) and the Operations (%[BS 32C) areas. The

Operations estimates are eompl_ed for each year of the operational program

and totaled. The NASA and DOD figures are computed separately.
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• he Operations tasks vere t_ther analysed in term of actual people and skills

required. It va8 determined that a aln_tm operations crew (one for each of

three shifts) vas required for flight control of only one T_ flight. These

crews are capable of handlt_ a significant ntmber of flights per month; a

8rearer number than s_etiaes required by the mission model. Even though these

crews &re utilized to per£oru the mission planning, flight evaluation and flight

support soft,re tasks in addition to their flight control requirements, there is

_ettmes an excess of _=ours awLtlable. Zn order to allow for this, the _n-

hours &vatlable _ the :tntmwn crews are incorporated into the computer program

as minimum for the _C area. When the actual :anhours requirements are calculated,

if the total does not exceed the min_,then the mtntan_ is used and the unused

asnhours are shorn. This minimum crew i8 required for both _ and DOD.

Option 3 is a phased program consisting of tw distant eonl_l&_wations. The

initial confts_tration is operations2 for four years before the final confi6uration

is introduced and overlaps the final configuration operations2 period by _ years

for N_A Tugs and 3 years for DOD Tt_s. The l_nal configuration has a seven year

operational life. The initial eonfi_ratton has a level IV autonomy, a 3 day

mission duration and no rendezvous, docking or spin-up capability. The final

configuration has a level "rxx sutonc_, a 6 day mission duration and has rendezvous,

docking and 8ptn-t_ capabilities. The appropriate factors including proportional

Talues for the years during the overlap of the tvo configurations, the nwnber of

fliEhts and the mission t_ne8 vere input into the computer program. The results

0£ the ee.lculations are shown in Section _.

A variation of Option 3 vhich was examined vas a 2 year delay in the operational

date thereby shortening the progra: duration _rom 11 to 9 years. The nt_nbers

oF flights per year and _tssion times vere aFFected. The appropriate changes

were made to these quantities in the computer inputs and the results of this

run are shorn in the f'ollo_lng pages.
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FLIG}[f OPF2ATIONS, OPTION_- _)00 _U_

The Work Breakdown Structure for the Tug Study divides the flight operations

into four areas or blocks, namely: Mission Planning, Flight Control, Flight

Evaluation, and Flight Support Software. In order to develop a means of

assessing the relative complexity of flight operations for various _ag

configurations, it was first necessary to adequately define flight operations.

This was accomplished by analyzing the four W_S blocks to determine the specific

tasks required in each. These tasks fell into three categories: one time efforts

completed prior to the first operational flight, a continuing level of effort

for the operational life of the program, and those efforts performed once

for each flight. The one time efforts were considered to be part of the DDT&E

activities (32A) while the continuing and per flight efforts were assigned to

the Operations activities (32C). With this format developed, a reference

configuration was chosen (Number 101) and an estimate _vas made of the manhours

and computer time required to accomplish each flight operations task consider-

ing the specific characteristics of that configuration.

With the reference configuration estimates determined as a point of departure,

it was necessary to establish criteria or a rationale for assessing the

operational workload differences between configurations. An analysis of this

area concluded that the _orkload was proportional to the operational complexity

of the configuration and the mission. It was also decided that the configuration

complexity could primarily be measured by autonomy level and the mission

complexity by mission duration. Since the reference configuration was

autonomy Level IV (completely dependent on ground support/simple onboard

equil_nent), Level IV was given a reference value of 1.0 and the other levels

given relative values to reflect the degree of difference. When autonomy

level was used to measure workload related to ground support dependence, the

workload decreased with increasing autonomy levels and values were assigned as

shown below. It was assumed that ground support effort would not be charged

to highly autonomous configurations not requiring that support even though

experience indicates that it may be required for some other reason. Some

task workloads are proportional to the complexity of onboard equipment and

therefore increase with increasing autonc_ levels. (Level II was considered

the highest level because of the add_ttional mission planning capability. ) Values

were also assigned as shown below:

¸



AUTONOMY LEVEL EQUIPMENT COMPLEXITY VALUE DE_.ENDF_CE ON GROUND SUPPORT VALUE

IV 1.0 1.00

III 1.5 .67

I 2.0 .50

zz 2.5. ._o

Since the reference configuration was a minimum (i day) mission configuration, a

reference value of 1.0 was given to the 1 day duration and the other durations

were assigned relative values as follows:

MISSION DURATION

DAY___S VALU____E

1 1.0

1.5 i.i

3 l.h

6 2.0

Assignment of these values take into account the fact that a configuration

capable of longer duration missions does not fly all long duration missions and

the avera@e mission length is actually shorter. To obtain a more precise

assessment of the effect of mission duration, actual mission time in hours for

each flight can be used in lieu of the single mission duration factor value above.

Some tasks must be performed for each flight and, therefore, the reference

configuration estimate (per flight) must be multiplied by the number of flights.

For those configurations where phasing occurs from an initial to a final

configuration, the continuing level of effort tasks were factored for the number

of years the configuration is to be operational. Since the total operational

program is eleven years and the configurations are operational for either four,

seven, or eleven years, the following values were assigned:

PROGRAM DURATION

OPERATIONAL YEARS VALUE

ii 1.0

7 0.7

o._



While the program duration factor proportions the effort between two phased

configurations, it does not take into consideration that many of the efforts "

completed for the initial configuration must be repeated for the final configura-

tion. To take this into account a factor was established as follows:

DEVELOPMENT PROGRAM

DIRECT DEVELOPMENT VALUE PHASED PROGRAM VALUE

1.0 1.7

Since the reference configuration did not have retrieval capability additional

complexity is introduced by those configurations having rendezvous, docking and

payload spin up capability. Appropriate values were assigned to these factors:

RENDEZVOUS A_|D DOCKING

NOT REQUIRED REQUIRED

1.0 1.2

• PAYT_AD SPIN-UP CAPABILITY

NOT REQUIRED REQUIRED.

1.0 1.02

With all the complexity factors defined, an assessment was made for each task

to determine which factors affected • the effort required relative • to the reference

configuration and how they varied. A summary matrix of the tasks and factors is

shown on a following page.

Using the manhours and computer hours estimated for the reference configuration

and applying the appropriate factors to each operations task, equations were
o,

prepared •which could be computed and summed to prpvide the total flight

operations effort for any Tug program or configuration. A computer program

incorporating these equations was developed to provide maximum flexibility

in determining flight operations efforts for various programs and trade studies.

Separate manhours, computer hours and dollar costs are computed for each WBS

element (Mission Planning, Flight Control, Flight Evaluation and Flight Support

Software) in the DDT&E (WBS 32A) and the Operations (WBS 32C) areas. The

Operations estimates are computed for each year of the operational program

and totaled. The NASA and DOD figures are computed separately.

L





The Operations tasks were further analyzed in terms of actual people and skills

required. It was determined that a minimum operations crew (one for each of

three shifts) was required for flight control of only one Tug flight. These

crews are capable of handling a significant number of flights per month; a

greater number than sometimes required by the mission model. Even though these

crews are utilized to perform the mission planning, flight evaluation and

flight support software tasks in addition to their flight control requirements,

there is sometimes an excess of manhours available. In order to allow for

this, the manhours available from the minimum crews are incorporated into the

computer program as minimum for the 32C area. When the actual _uu_hours

requirements are calculated, if the total does not exceed the minimum, then

the minimum is used and the unused manhours are shown. This minimum crew is

required for both NASA and DOD.

Option 3 is a phased program consisting of two distinct configurations. The

initial configuration is operational for four years before the final configu-

ration is introduced and overlaps the final configuration operational period

by _ years for NASA Tugs and 3 years for D0D Tugs. The final configuration

has a seven year operational life. The initial configuration has a level IV

autonomy, a 3 day mission duration and no rendezvous, docking or spin-up

capability. The final configuration has a level IlI autonomy, a 6 day mission

duration and has rendezvous, docking and spin-up capabilities. The appropriate

factors including proportional values for the years during the overlap of the

two configurations, the number of flights and the mission times were input into

the computer program. The results of the calculations are shown in Section h.

The effect of DOD procurement of the Tug program on Option 3 was analyzed.

This permitted operational mission flights of the final configuration two years

earlier and changed the numbers of flights per year and the mission times. The

computer program inputs were revised to reflect these changes and the results

are shown in the following pages.
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The facilities required to perform orbital fl_gh_ operations for both HASA at

Houston, and DOD at Sunnyvale, were asstmed for the Space Tug Study to be

currently available at the respective mission control center. As a result of

this _ss_mption facilities costs for orbita_ _t operations are not included

in the present @ost model for the Space Tt_.
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k.9 Network Operations Costs

Subsequent to the Concept Selection the COR directed that the network operations

cost be removed from the flight operations cost estimates and that network

utilization requirements be calculated instead. See Section 6.8 for the results

of the netvork utilization requ_w_.nts calc_ilAtions.



•5.0 SHUTTLE REQUIREMENTS

The operational requirements placed upon the Shuttle Orbiter are those co_ " . '

cerned with (1) the structural and mechanical hardware used in support of

Tug/payload deployment and retrieval operations, (2) the crew involvement

in check out, monitoring, safing add passivation operations, deployment and

retrieval manipulation, visual observations via closed-circuit TV, caution

and warning displa_rs and corrective system controls, and (3) the data

management system interfaces, hardware and software, including computer

support requirements by the Orbiter computer and the dedicated payload

computer capability.

5.i Deplo_ment/Retrieval Timelines

The condensed operational timelines for Tug handling are shown in Table 5.1-1

(deployment of one or more payloads with a single Tug) and Table 5.1-2

(retrieval of a Tug alone or a Tug with payloads ). The expanded timelines

provided in Table 5.1-3 are representative for all deployment or retrieval

mission and are based on the functiona flows presented in Figure 5.1-1.

5.2 Crew and Shuttle Functions

The crew functions are basically defined for a four-man crew, considering the

Orbiter, Tug and Payload requirements. A review of these crew function- was

conducted to consider four-man and smaller crew complements. The results are

summarized in Figure 5.2-2 and the crew/Shuttle functions listed on the crew-

size impact assessment charts. It was determined that a three-man crew can

physically manage the dual functions of payload and Tug operati_s, plus the

monitoring functions of the Orbiter, if the Orbiter has autopilot control and

operates in a powered-down quiescent mode on-orbit. A common MBS/PSS console

would better accommodate this option and would release the commander. How-

ever, a very desirable increase in operational flexibility, emergency response
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CREW-SIZE IMPACT ASsEssMENT - I

One-Man Crew

(Totally Impractical)

Two-Man Crew (Difficult to impossible without highly automated systems)

If Autopilot operation of Orbiter is provided:

• Provide Orbiter C&W panel at mission specialist station

• Commander can operate mission specialist station

• Copilot can operate payload handling (RMS) station

• Payload monitoring, orbital readiness testing (health checks)

are assumed to be Tug autonomous or performed by remote monitoring

from the ground

• This mode is very demanding and may not be compatible with an un-

sophisticated payload with less autonomy incorporated for self-

activation and management

Three-Man Crew (Practical minimum crew)

Similar to two-man crew in many respects.

• Autopilot operation of Orbiter is assumed

• Orbiter C&W panel is provided at _S

• Commander provides overall supervision of all orbiter, ."h_g,and

payload C&W monitoring, safety activities, and other operations;

including communications with the ground and procedural document

check off.

• Copilot operates payload handling (RMS) station as directed and

maintains visual contact with the payload bay and contained hardware.

• Mission englneer/scientist operates combined MSS/PSS, including

manual activation, monitoring and payload-related ground communications.

• Commander is available as backup to assist either of the other two

crewmen (who are essentially immobilized by their duties). He can

also respond to an orbiter emergency or caution signal without inter-

fering with a possibly critical phase of payload deployment or

retrieval.



CREW-SIZE IMPACT ASSESSMENT - II

Other Factors

• Orbiter station provisions for other mission moaels will influence

T_ missions because lmrdware/software will:

1. Be available anyway as required for other missions.

2. Shape the standard operating techniques of the crew.

3. Influence the division of duties between stations via physical

separation of equipment.

• Fourth man can be derived from other missions (Sortielab)

• Prelaunch operations by the crew when both Orbiter and Tug/p_yload

activities are involved (same for reentry) will be time-constraining.

• Complexity and/or extensive manual support by the crew of some pay-

loads (now in missionmodel or potential for future addition). Mission

flexibility for fUture added missions and for mission extension may

dictate other than a minimmn crew capability for the Orbiter.

• Orbital readiness testing of payloads is a key driver, particularly with

continuous activity but intermittent ground station passes. C_libration

of complex channels and de-gassing time lost for high voltage equipment

have been identified, and real-time data verification or analysis will

require crew time and skills. _nile these could be passed to the ground,

acted upon and control directives be sent back up; the times over truth

time before again passing over truth sites will impose operational

complexities and constraints. This suggests more a_/lable crew time

and skills.

• Many safety-related activities (passivation, stabilization, purging,

de-activati0n) for Tug and payloads; plus Tug maneuvering, Orbiter

msneuvering, RMS operation, Tug support hardware operation, and Tug

monitoring functions occur during Tug/payload retrieval.

• SOAR II-S study mid-term (July 1973) conclusion: "InsufficieDt time

exists for all payload subsystems to be checked out at MSS. Therefore

it is recommended that Tug and Orbiter performance and checkout be

performed at the MSS and that spacecraft systems as well as experiments

be handled by the PSS."



Provides better management during launch, abort, and return flight

when both coannander and copilot are fully occupied with Orbiter flight

duties

FourrMan Crew (Provides ample manpower with less operational constraints)

Manual supervision of the Orbiter by the commander is assumed.

Copilot assumes active supervision of payload operations with functions

similar to those of the commander described for a three-man crew. t_

maY operate a separate MSS.

Mission engineer operates payload handling (RMS) station

Payload scientist/engineer operates a co_on MSS/PSS, or he operates

the separate PSS.

Provides more skills and bettertimellne potential for off-duty time.



capability, and total crew-skills will be available from a four-man crew. The

four-man crew also allows rest or sleep periods for extended and combination

missions; and it allows for commonality of equipment, training, and operational

procedures between short Tug deployment or retrieval missions and the seven-day

Sortie Lab missions, for example.

Additional insight for crew functions is provided by the Second-Level Function

charts, Figures 5.2-3 through 5.2-6. Additional information, functional

flow charts, and operational concepts are provided in Section 6.2.2 for the

complete missions.

5.3 Computer Re%uirements

The Tu_ subsystems are monitored, activated, and checked out through the Tug

Data Management System as described in Volume 5, Section 5._.2.3. The avionics

interfaces incl_de a Tug,unique panel section on the Mission Specialist Station

(MSS) panel. These dedicated elements provide a capability to access the Tug

subsystems data and to convert it for input to the Orbiter computer and/or

the payload computer (these may be combined physically or functionally). The

Tug data may be displayed directly on the Tug-unique Control and Display panel,

or it may be processed by the Analog/Digital Converter/Multiplexer and trans-

ferred to the Shuttle Payload Computer for display on the Orbiter Performance

Monitor Panel at the MSS.

Control functions which are necessary to correct for caution and warning sig-

nals and conditions are provided on the Tug unique Control and Display panel at

the MSS. These may operate either directly upon the affected Tug subsystem

circuitry or m_y utilize Shuttle Payload computer or Tug internal computer

capabilities. The preference will be to utilize the Tug computer for all com-

puter services _hich are available to autonomously manage the same function

after Tug deplo.wnent.



I , ; . . , ; , ° ..... ° • . .

.... . °. .... • , ° _ ° ,. , ° °

qll_l

0..

...

• . :...!

; L-'-: . .. "

: !

:. !

• • I.. 1

i 0 I£_

I _"

I_-*
• __ 0

g g
u. _

,,.l "
E

I.u _.
u,) .:.

i

°.

• . _ : . • .

.... [ ...... - ........................... "...'.;......'_ , ..................

...j_/



P

f

__[,_

0 _3 U

_.. m "_ 0 .I-_- _.

_ °-

_- uli-

: ., l

=e

.___.

t _

cz-

,!

Ii.

Ig

!

t
Ui

1

I
!

_._
_ro_ _.

,_i-_

1
.1

8,.,- __

_o_

t

Lt_
o

i1_ °-

_4

t

'°_ _.,

t

_4

i

z

u _
Z I--

..J ,,,

...J

J

0 "'

t.LJ

i

,,?.-.

I_ _ _

I

e4 ._

i



..... o ........

• . ....... o ...

!

e

• ,L Ii1ol ,_1.1

_% o_'_

..../



t

i

0
Q

_._'.

I

i
c_ _j t.n

_-I- _'1

qJ_

-1

+'_- _.

t
_:_. ___

I ® I

L¢._. 3:_' .,, ,"_, i-

UJ

I
I

0 _ l:J

I_. °-"

I !_>-_::.I

i_- i .]

,1

-- -.'l

0

I-

0

,2
0

0

z _

_J _

l._J 1-
_j "_

_J

t_ n_

tu

_D

I

, ...... - ,. ,....... . .........

,_'--7.a
n'_w (.Ii liO,llll IGIOOW

='-- 113_rsalp'_nl

_,,%



The specific bit rate requirements are shown in Volume _, Section 5.h.2,3 for

the Shuttle/Tug interface as follows:

Orbiter to Tu_ Tug to Orbiter

NASA Communicat$ons 2°000 BPS

(Data and Time

Multiplex Commands)

25°000 BPS
(Tug/Payload Status Data

and Command Verftcation)

DOD Communications 2.000 BPS
(Secure Command Data)

16,000 BPS

(Tug/Payload Status Data
and Comnand Verification)

16.oo0 RPS

(Program Modifylng Data)

256.000 BPS

(Ps,vload Secure Data)

FM/FM IRIG

P_Tload Analog
Instrumentation Data



ABORT ANALYSIS

An abort analysis vas conducted to assess the merits, liabilities and relative

impacts of (1) landing with full L02 and L_ tanks, (2) dumping L02 only,

(3) dumping both L02 and LH2 in sequence, and (h) dmnping both L02 and LH2

simultaneously. Abort from both suborbital (Mode III) and orbital (Mode IV,

V and VI) were analyzed. These options are discussed in detail as part of the
tJ,

trade studies reported in Section 12.6, covering land full versus dumping

options. The results of these analyses are reported in the abort analysis

summary, Section 2.5.

The abort analysis discussed below includes:

(6.1) a detailed sequence list and timeline of the events associated

with cryogen dumping;

(6.2) the Shuttle requirements to be satisfied during the dumping sequence;

(6.3) the flight altitude and time of dumping events versus the dumping

sequence and the cryogen load analysis for these events; and

(6.4) a delta-V analysis for the impulse compensation necessary as the

result of the propulsive dumping required to sustain propellant

settling on an orbital abort, and an assessment of the potential

delta-V gain available as the result of either early or late

sumping during main engine operation.



Table 6-i

CRYOGEN |Ud,_DLiNG
J

CONDITION LO 2 LH 2

Normal Mission

Passivation:

(Before Tug capture)

o Keep residual L0 2

o Vent above 18 psia

o Flow residual LH 2

through engine down

to 3 psia

Venting:

(After Tug capture/

stowage)
o Keep residual L0 2

o Vent above 18 psia

o Vent again to 3 psia

o Fill with mabient Ee

to 26.3 psia

o Vent down to 16ZI psla

o Vent above 18 psia

Abor ¢.¢d :,!issiun

Suborbi ta! :

( Mode i l i )

Dump LO 2 to 15 psia:

(1) During engine firing,

20% minimum through

3" abort line

(2) After kT jettison,

remainder through 3-

inch abort line

Nominal

o Keep LH 2 in tank

o Vent above 18 psis

Alternative Study Options

o D_unp sequentially

after L0o (CG con-

straint)"do_n to

IIOK ft through hey 5

inch abort lines

o Dum_ simult, th.ru__zln.]ine

Orbi_ al :

(Mode IV,V,Vl)

Dump LO_ to 15 psia:
Primary-Method:

(i) During orbital flight,

100% through 2-_nch

F/D port az.d tal, to

3-inch abort line.

Alternative (Backup)

b_hod:.

(I) During orbital flight,

L0% through B-inch

abort line

(2) During reentry glide,

remainder through

S-inch abort line

Prefcrred-OT_tions 2 & o_.,.

o Dump under vapor

pressure to 15 psia

o Keep remainder

o Vent above 18 psia

Preferred-Options 1 & _l

o Dump under vapor

pressure to 3 psia

o Fill with ambient He

to 26.3 psia

o Vent down to 16±1 psia

o Vent above 18 psia

Alternatiw_ (Backu__!)

o Keep Lil2 in tank

o Vent above 18 psia
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6.1 Detailed Timeline of Events

There are several abort condition8 to be tine-lined. _e major abort conditions

are suborbital (Mode III) and orbital (_xle8 IV, V, and VZ).

.Suborb.ltalAbort

The selected suborbital abort mode is to dump LO2 and to retain and land vith

LE2. Refer to the trade studies in Section 6.12.6 for option time-line

descriptions for the other alternative options, The L0 2 is partially d_mped

(to 20_ minimum and approximately _0_ nazinnm) vhile the orbiter main enKine8

are operatinK, in order to assure CG compatibility subsequent _o External

Tank (ET)Jettison. The remaining LO2 is dumped down to 15 psia durinK the

_ide return period. The t_me-line is shorn in Table ;_.6.1-1.

Orbital Abort

The selected orbital abort technique (for Modes IV, V, or VI) provides settling

thrust with the Orbiter 0MS engines, then propulsively dump LO2 dovn to 15 psia

through the 2-inch LO2 fill and drain line and the bypass valve(s) to the

3-inch LO2 abort dump line boat-tail exit port. When LO2 dump is completed,

CG compatibility is assured, and the preferred propulsive LH2 d_pinK is

accomplished through the 2-inch L_ fi]._ and drain line and the bypass valve(s)

to the 2-inch LH2 abort dump line boat-tail exit port. A backup operational

technique is to dump up to _0_ of the LO2 through the 3-inch aide abort dump

port o then dump L_ as above, and finally to dump the remainiug LO2 after ET

_ettison and durtn_ the glide return. A second backup mode is to use either

of the above LO2 d_p modes and to retain the L_ to landing.

Essentially the same timelines are used for Modes IV, V, and VI abort. A much

longer time is available for dumpingthan£er H_-e III suborbital abort.

Modes V and VI differ in the amounts of OMS propellants available after boost



Mode lit Abort T_neltne -- Return to Immmeh Site, Suborbital

Automatic Orbiter Operations --Abort _M_Tsis? Initiation, And
Sequencin 

Perform SituationAmalysi8

Make Prel_mLtnary Abort Decisions

Report Status to @round

Obtain Concurrence vlth Fli@ht Data Base for Abort

Obtain Abort Confirmation

Display Condition/Status/Abort Command to Crev -- Crev _dll have

a brief period for the abort cammand notifieationo except in the
time-criti@al transition from Mode III to Mode IV abort at T_121
to T_126. Reaction time must be very fast to obtain Mode III return
to launch site vhen a Mode IV OAO is not yet achievable. Co_d

over-ride for abort is not feasible at this time, but a recheck
may be co_anded vhen response time is smfficient.

.Automatic Orbiter Operations --Abort

ReprogramFl_ht Control/GNC to Abort Mode IIl

Insert Abort AV Adjustment in Engine Thrust Program

8_dtchEngines to EPL (109%), Assuming Engine Failure Precipit_ted
Abort

Ignite Tvo 0HS Engines and Four RCS X-Axis Thrusters (Orbiter)

_ l_teh Orbiter to Retro-Thrust Attitude

Verifygmergency Thrust_elocity/Attitude per Abort Mode III Program

Change Orbiter Velocity from Dovn-Range to Up-Range

VerifyDump/Vent Valve Positions/Status

Activate Abort Dump System

Open 1,02 Abort Dump Valve (S-inch line)

=0_en Helium Pressurization ve_

J

J



Table 6.i-i (COat)

Verity L02 Dumping (A_ or AV readout, visual, etc. )

Verify 20_ Minimum to _0_ _ LO2 Dump Completion

Reelose and Verify Helt_ Pressurization Valve Closure

Reelose and Verify L02 Dump Valve Closure

Seperate External Tank (ET) After Depletion

• rtabl£sh Attitude and G-Profile for Dtml:)ing

Fly an Orbiter Return Flight Pr_ile as Appropriate for
Abort Mode lll

Open LO2 Atxwt Dump Va].ve (3-inch line)

Open Helium Pressurisation VslTe

vm'i LO2 D  ins.

Nonttor LO2 Tank Pressure

At 15 psta L0 2 Tank Pressure, Reclose and Verif_ Helitm
Pressurization V_ve Closure

Reelose and Verity L02 Abort Dump ValTe

Nonitor L0 2 Tank Pressure and Vent IboTe 18 psis dovn to 16 + .1 psls

Monitor LH2 Tank Pressure and Vent Above 18 psla dovn to 16 + I psis

Note: lntorlock Vent Control to Avoid Simultaneous Venting

e"



to dLfTerent altitudes and inclunations, _ _n n_ appreciably affect the

operations. There _e about 105 _--_ f_ a _ IV Once-Around-Orbit

(OA0} abort, of wh2ch at leszt 90 ELmfGes _e _ for dumping cryogens.

The l_ter Modes V and VI have _ _bits --e ace _ time constreining, as

t_y _llow essentially nca_el mission _ht_er _. Release of the Tug
J

be possible. The t2mel2ne far these _ _ is _0wn in T_ble 6.1-2.

J



Table 6.1-2
l"

Modee ZV, V, and VI Abort Tlmeline -- Orbita_

AutpBa.t.i.c Orbiter Ol_ratio..ns..-- Aba_. _is _ Initiation and

Sequencin_

_r Orbiter and Tug Mission - C_'/J_c_ l_m_Gious
Da_ Dur_ IAuach

Perform Situation Analysis

Make Preliminary Abort Declsiou8

Rep_-t Status to Ground

Obtain Concurrence with Flight D_t_. _e far Abort

A1_'t Confirn_t ton

Displa_ Condition/Status/Abort C_ to Crew (eNote 1)

,A_taRtic Orbiter,, Oper, ations,, -- Abort

ReproS'am Flight Control/GNC to Abort mk_esIV, V, or VI
(nm_al mission for V, VI)

Insert Abort AV Adjustment in Engine _rust Program

Switch Engines to EPL (100%), Assmmi_ EngjLne Failure Pre-

cipitated Abort

14nlte Two OMS Engines and Four RCS X-axis Thrusters (Orbiter)
for Mode IV (not required for Modes Y and VI)

." .:

Verif_ Emergency Thrust/Velocity/Attitmde per Abort
Modes IV o V, or VI Program

Veri_y D_p/Vent Valve Positions/St&tus

Verify OMS Engine Thrust for Cryogen Settling

Actlv_te Abort Dump System

Open LOo Abort Dump Valves (2-_ueh fill and drain and 3-1nch set
abort l_nes)

Open Helium Pressurization Valve



J
Table 6.1-2 (C_t)

I

._2

m 2 (A% =

Nonitor L0 2 Tsnk_

At 15 lzia L0_ Tank _ ]_.Iose eal Verify Helium
ITesnrizatio_ ValTe

Reelnse aud Verify _ ZbnrC Dump Valve

During this Sequence, Xn_ercugC Dumping 30 Seconds Before ET
Jettison and Remme _ _0 Seconds After ET Jettison

Monitor LO_ Tank _ _ Vent Abowe 18 psla Down to

16 t I pail

Open _ Vslves _o _ sm_ _ and 2-tnoh Aft Abort Lines

The Follovin_ Oper_ic=m _ t_ Tu_ Options ! and 3I ,Only:

L_ Under Vapmr _ _ 3 psia

aeclose LH2 Va£ves sn_ T_ glmmre

Open Helium Pressuz_zzW_t_

Noai_m" LU2 Tank _ s_ Ft_ with Helium to 26.3 psia
(_ to Tank Relief Vent Prmmu_-_)

Reelose. Helium ITes_ Valve and Verify Closure

Open LI_ Valves to F_._ snd_ _ and 2-1rich Aft Abort Lines

The Follovi_ Opeza_i::s A_y, to All Tu6 Desizn Options:

Reelose LH2 Valves m_ V_ CIosure

Monitor LH2 Tank _ s:_ Vent Above 18 psi_ Down to 16 + 1 psia

snore 1: Crew will hews _ b_e_ period for the abort coemand
notification, except in the time-critical transition
from Mode III to Mode IV abort at T+I21 to T+126.

Reactlon time must bl very fast _o obtain Mode III return
to _ s_te _ene_. & Mode IV OAO is not yet achievable.
C_msand _ for- abor_ is not feasible at this tlme,

b_t a r_heck ms_ be :=_snded vhen response tic i:
sufficient.

J



Table 6.1-2 (C t)
f

Note 2-

Mote 3:

]rote M:

Interlock vent eontrols to avoid 81m_neous 4usping.

An alternative LO2 dtmp mode is to dump up to MO_ through
the 3-inch LO2 abort line (bo_ port) rather than the
art 2-inch till and drsin line tap to the 3-inch aft

abort line port. In this event, the reaatning LO2 dump
to 15 psia i8 accomplished 8a_ter reen_zT during glide
z_tu'n.

An alternative L_ 2 dump mode is to keep all L! 2 in tank
sad only vent above 18 psi&.



J
6.2 Shuttle Re%uirements

The Shuttle requirements placed upon the Tug operation are principally described

by NASA Document JSC-07700, Volume XIV, Space Shuttle System Payload Accommoda-

tions. For example, the CG profiles shown in Figures 6.6.2-1 and 6.6.2-2

represent major constraints upon the Tug design and operations. These apply

when the ET is Jettisoned and the Orbiter is in sensible atmosphere, generally

considered below 400,000 ft, in the aerodynamic flight regime. Specifically,

these apply in h_vpersonlc and subsonic, but not in supersonic flight. Safety

dictates that CG compatibility be achieved before the unstable flight regime

is approached, however. Furthermore, a condition where failure to dump cryogens

would result in unsafe flight should be avoided. Two methods are provided for

dumping a minimum of 20% of LO 2 , which is sufficient to assure CG compatibility

for reentry and landing.

The Shuttle also requires discrete valve status signals and time-clock inputs

to compute the cryogen inventory during dumping. In particular, t4e _40%

orbital L02 dump in the Alternative (Backup) Method must be computed for valve

reclosure to prevent unporting and a sudden drop of pressure, which if not

recovered could cause a risk of LO 2 tank implosion at low altitude. In the

selected Primary Method, the aft 2-inch LO 2 fill and drain line port is used,

and unporting cannot occur during propulsive dumping. The latter method is

also used for orbital LH 2 dumping, through the fill and drain line port and

unportlng is not a potential problem. Suborbital dumping has a requirement

for computing LO 2 inventory for partial dumping of 20% to 40%, but this wide

range allows the data and the computations to be very gross.

J

New Shuttle Requirements

The selected abort dumping system requires a fixed 3-inch IX)2 abort dump line

from the lower right aft cargo bay bulkhead to the lower right Orbiter boat-tail,;

V
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and a similar 2-inch LH2 abort dump line (for orbital abort) from the lower

left aft cargo bay bulkhead to the lower left Orbiter boat-tail.

:J/

6.3 Altitude and Time Anal_sis

The altitude of the Orbiter is shown in Figures 6.3-1, 6.3-2, 6.3-3, and

0.
6.3-_ for suborbital Mode III aborts as a_function of velocity. Insuf-

ficient data was provided to obtain an altitude versus time profile for these

trajectories, which wererevlsed extensively during the study. Information

on normal trajectories was referenced by NASA documentation as IL-SSS-393-_00-73-04_,

"Baseline Ascent Trajectories for the 150K Orbiter Configuration," dated

February i_, 1973, but this information was also withheld from this study.

Earlier information indicated that at least 105 minutes are available on a

Mode IV abort to a once-around orbit. This is the shortest orbital abort, and

the time available is far greater than the time required for 100% dumping of

both LO2 and £_I2. Mode V is a transitional abort and is virtually identical,

tlme-wise, to a Mode VX normal mission orbital abort. Thus the missing

information is not considered relevant to constrain the tlme-llnes.

Summaries of abort modes, associated fligh_ perlod_ =._ _h_ =hurl r=B_._

actions permissible are shown in Table 6.3-1.

The time available for the most recent abort profile data (July 5, 1973),

the altitudes, the associated mission times, the x-axis accelerations (Nx)

and the z-axis accelerations (Nz) are listed in Tables 6.3-2 and 6.3-3.

The time periods during which stable and variable (stable-plus-varying)

accelerations are sustained for cryogen settling are al_o shown.

Y
An abort time summary is presented in Table 6.3-h for either LO2 or LH2,

for the early or late abort from either a _0,000 ib polar or a 65,000 lb

easterly mission. _, /_
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A plot of the cryogen load and center of gravity (C.O.) shift during dumping
_m

is shown on Figure 6.3-5. This was originally derived to illustrate the cases

of sequential dumping, However, the complexity of alternating the L02 and LH 2

dumping sequence and the weight penalty on payload capability led to the

recommendation that only L02 be dumped during a suborbital abort.

Combining th e trajectory vs. time data from Figure 6.3-_ and the C.G. constraints

from Figure 6.3-5, a safe timeline was devised to provide the OrbiterAV benefit

of early dumping, the C.G. constraints to assure aerodynamic stability and landing

control as early as possible, and a 100% release of L02 will before landing. ThisA/

recommended abort mode is shown on Figure 6.3-6. The LO 2 dumping is inter-

rupted for 60 seconds as indicated to allow for main engine cutoff (MECO) and

external tank (ET) Jettison and a 30 second margin before and after this event,

/,_nown as MECO ± 30. 0/

/

The L02 dumping sequence is shown on the trajectory curve in Figure 6.3-7.

The same time periods are required for dumping LO 2 (635 seconds total) for the

trajectories shown in Figure 6.6.3-1, -2, and -3. However, in each case, more _J

time is available from the abort decision to MECO - 30. Therefore, as it is

recommended to initiate dumping as early as possible; these trajectories will

allow a greater degree of completion prior to MECO - 30.

This analysis is based on the worst-case data for Tug Design Option 2, which

requires 635 seconds for 100% L02 dump. The differences in LO 2 inventory result

in equivalent times for L02 dump of 505 seconds for Tug Option i and 3I (Initial)

and 530 seconds for Tug Option 3F (Final). In each case the dump is suspended

at h0% dump level, which occurs at proportionally earlier times. The event

schedules are shown in Table 6.3-5 for comparison.
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TUG OPTION

Table 6.3-5

ABORT EVENT SCHEDULES

1 2
| i

L

L02 ABORT LINE SIZE

TIME FOR 100% L02 DUMP

DUMP INITIATION (WORST CASE)

3 inch 3 inch 3 inch 3 inch

505 sec 635 sec

 z51 T+Z51

505 see 530 sec

T+251 T+251

DUMP SUSPENSION T+h_3 T+505 T+h53 T+_63

MECO T+560.9 T+560.9 T+560.9 T+560.9

DUMP RESUMPTION T+591 T+591 T+591 T+591

D_COMPLETION

TIME AT 50,000 FT

T+894 T+972 T+89_ T+909

T+986 T+986 T+986 T+986

TIME AT LANDING T÷1241 T+I2_I T+12hl T+12_I



,_.f/

6.4 Delta V Anal_sis

Two aspects of abort delta V were examined. The first is concerned with the

delta V produced by the propulsive dumping which is necessary to sustain pro-

pellant settling in an orbital zero-g abort. The second is concerned with the

potential delta V gain which is achievable by the Orbiter by early Mode IlI

abort dumping after as much of the Orbiter wieght has been depleted as possible;

hence, after External Tank (ET) propellants are exhausted and the E_ has been

Jettisoned to achieve the highest delta-V gain

Delta V Compensation in Orbital Abort of LO 2 and LH 2

Addressing the first aspect, delta V compensation in an orbital abort, the

potential solutions all require that the propulsive effect expressed by Orbiter

delta-V be negated. Potential solutions are (I) reduced thrust from the OMS,

RCS x-axis thrusters, or the main engines, (2) reduced thrusting time by the

0MS, RCS x-axis thrusters, or the main engines, (3) rotation of the Orbiter

during cryogen dumping to retro-thrust for a time equal to the forward thrust



time, using the cryogen expulsion force, (4) yaw to +90 ° and to-90 ° to provide

equal end opposite thrusting forces and times, ('5) dump Tug cryogens before

the OMS or the main propulsion system (MPS) burns, (6) dump Tug cryogens

during OMS and/or MPS burn, (7) interrupt OMS and/or MPS burns to save sufficient

propellant and adjust the delta V with a shorter final burn duration, or (8) use

a computed abort delta V to bias (shorten) the OMS and/or MPS burns and thus to

compensate for abort delta V. It should be noted that these solutions use

either (I) a "thrust-spoillng" or counter-reactive negation technique, or (2) a

"compensation" technique in connection with major propulsion systems and in

these c_ses, excess cryogen is Jettisoned with the ET in the cases of reduced

MPS bur_us or is dumped before reentry in the cases of OMS burns. It should be

emphasl/.ed that the 0MS burn adjustment therefore only transfers the problem

from Tu_ to Orbiter, and thus represents no real solution.

The propulsive abort dumping delta V problem applies only to orbital abort

primarily due to the more precise reentry velocity and time constraints from

orbit. The plan to dump during main engine burn will minimize the problem

for a suborbital abort, and adjustment of velocity is more readily accomplished

to compensate for cryogen dumping.

The dumuing delta V problem, discussions, and conclusions are characterized

for a o:Ice-around-oribt (OAO) Mode IV abort as representatige of all orbital

abort modes.

J

Delta V Compensation for Once-Around-Orbit (OAO) Abort Dumping

This di::eussion represents an operational solution to a problem raised by an

action item question and a NASA response, quoted below. The NASA response

reflectsone solution to the potential problem. However, it is very con_tralni:_@

to llmit abort dumping to the Orbiter thrust perlod alone_ and other options

have be._n examined. _ "_

..J



Reference: NASA-MSFC Memorandum PD-DO-DIR-73-57, dated June 7, 1973, extract:

'_ction Item 2: Can Tug propellants be dumped in the X axis of the Orbiter

to provide propellant settling during the once around abort (OAO) mode?

Response: In discussions with JSC we were told that the OAO abort trajectory

after Orbiter thrust termination is critical and may not be able to correct

for any AV resulting from propellant settling thrust and Tug propellant dumping.

JSC therefore requested that any Tug propellant dumplng during an OAO abort

should be completed before Orbiter thrust termination so that the AV imparted

by the propellant dumping can be corrected!'

Alternatives

i. Reduced thrusting forces from OMS, MPS, or RCS (x-axis).

2. Reduced t_rustir_ time for 0MS, MPS, or RCS (x-axis).

3. Rotation to 180 ° and retro-thrust.

h. Rotation to +90 ° and -90 ° and counter-thrust.

5. Dump before OMS, MPS, or RCS burns.

6. Dump during OMS, MPS, or RCS burns.

7. Interrupt OMS, MPS, or RCS burns and adjust AV with final burn duration.

8. Use a computed abort AV to bias the OMS, MPS, or RCS burn and thus com-

pensate for abort dump AV.

Analysis

I. Thrust management of OMS or MPS during the late burn period is more effective

than early adjustment, due to the lower total weight. A more accurate

result is obtained by adjusting the total thrust (abort dump thrust plus

primary propulsive thrust) to match the prograuned flight requirements.

The best alternative is to reduce MPS or RCS rather than 0MS thrust level,

so the unused propellant is either Jettisoned (MPS) or returned (RCS),

assuming either OMS burn or propulsive dumping is baselined for an aborted

mission. _ " _I



2. Thrust-t_me management of OMS, MPS, or RCS is similar to alternative _o. i,

and is effective to the same degree. The programmed total thrust tech-

nique, however, must be changed to a programmed total impulse technique usinc

accelerometers and a clock to determine delta V and to match the programmed

orbital abort flight profile. Again, it is best to use MPS or RCS as the

adjustable propulsion energy source, depleting OMS propellants completely.

3. Retro-thrust management represents some control complexity and relies on

computed delta V, using acceleration and time as inputs, as the control

variable. This is an effective method if it is operationally acceptable

to the Orbiter.

h. Left and right yaw thrust management is the same as alternative No. 3 in

most respects. It can be used to effect any desired cross-range adjust-

ment, as well.

5. Dump before MPS burn is not practical, since M_S burns from launch. OMS

burn is started later, and could be delayed. However, the dumping time

for LO2 and L_ would usually exceed the OMS ignition delay time and the

dump would be at least partially concurrent with OMS b_ning.

6. Dump during MPS and OMS burn is possible; however, a Mode IV abort is

initiated from T+253 to T+330 seconds, a Mode V from T+330 to T+hg0 seconds,

and a Mode VI (normal mission orbit) after 550 seconds. Considering the

delta V problem for orbital abort only (Mode IV or later), it is evident

that a limited time is possible for a programmed simultaneous MPS burn

with the T+256 Mode IV abort initiation. A variable amount of excess pro-

pellant is available for later burns and the dumping of Tug cryogens can

be compensated by retaining an equivalent amount of potential delta V in

the MPS propellants stored in the ET. It is noted, for example, that the

normal mJssinn Insertion in Mode Vl i- mad_ with about 4,500 ib of cryos_n__c

propellants in the ET. In a total dump of Tug LO 2 and LH 2 on orbit,



53,000 Ib or more of cryogens are dumped, and an equivalent amount of E_

propellant retention must provide about 58,500 lb°see of reduced thrust

for Option 2. This delta V compensation is 9.42 fps of Orbiter velocity

gain, based on a 200,000 lb Orbiter with payload.

The main engines consist of three 470,000 lb thrust units (1,410 K lb total)

for normal thrust to orbit, or two engines may be operated at 512.3 K lb each

at 109% EPL (1024.6 K lbtotal) for abort thrust to orbit. _erefore, with

either normal thrust or emergency thrust, the thrust time reduction is

0.041 or 0.057 seconds to compensate for later propulsive cryogen dump

delta V from Tug tanks. Calculation shows that 132.2 lb of MPS propellant

is equivalent to 100% Tug cryogen dumping.

Delta V trimming is much simpler with OMS, if nonpropulslve OY_ dumping is

avcilable, and the two 6,000 Ib OMS thrusters would be operated for

4.88 seconds less time and would save 0.94_ of inventory,

o

The four 900 Ib RCS aft x-axls thrusters would reduce RCS operation time

by about 16.3 seconds oF net =E_ _i,_u_i,_ _Ime _o ......... "- ._--_._^_

Tug cryogen dumping.

The discussion under alternative No. 6 incorporates the data to define

either an interrupted OMS or an interrupted MPS burn. The difference lies

in the option to interrupt earlier, then to compute the necessary time,

thrust level, and engine selection for a reduced later OMS or MPS burn

after Tug dumping has been completed. Computation of the delta V gain

from acceleration and time measurements to determine a reduced remaining

delta V desired would then establish a new burn profile for the crew or

Orbiter propulsion management system.



e Use a computed abort delta V to bias the OMS, MPS, or RCS burn and thus

compensate for abort dump delta V. This is a pre-flight computation. This

is a refinement to alternative No. 7 and should be adequate to avoid inter-

rupted burning for abort delta V compensation. This computation is based

on a known weight of cryogen, a known helium pressure, and a known abort

dump line diameter, thus yielding a known propulsion energy and thrust.

If the abort dump initiation time and duration are known, the mass of the

Orbiter will be known and the delta V can be calculated. For each particular

mission, the total mass of Orbiter plus Tug plus payload will be known.

Abort dumping after ET Jettison therefore will impart a delta V which will

be known before mission launch. A brief reduction of MPS, OMS, and/or RCS

burns can be established before launch and programmed into the engine con-

trol system. The simplicity of this method leads to a recommendation that

it be incorporated in the operational technique for the mission.

Computation of Abort Dump Delta V Compensatign

g x Isp WpropAV = '
W

orb

Required Total Negative Impulse = Total Tug Dump Positive Impulse

= 25 ib x i,i00 sec for LH3

+ 50 ib x 620 sec for LO2

= 27,500 + 31,000

= 58,500 Ib-sec

AV = _ x Impulse

Worbiter

= 9.42 ft/sec

= 32.2 x 58,500
200,000

= Orbiter _V



R_CS Co_ensation

x 900 Ib thrust - 3,600 ib %oral RCS thrust available

Total impulse available • 2,806 ib x 289 second Isp = 810,93_ Ib see

Use@ 58500/810,93_ = 7.2_ less of the RCS inventory or 202._ Ib less

of 2,806 lb total. This is a desirable gain

Thrust time duration R 58.500 • 16.25 seconds less time
3,600

Additional Co_entary

MPS, D_S, RCS burn times were @o_puted for Orbiter Mass above.

value are correct as shown for burns after ET Jettison.

OMS and RCS

Since MPS burn occurs while the ET is on board, the mass should be with the

empty ET plus 50_ of the necessaz7 AV propellant in the ET. This provides for

a MPS burn that is shortened in duration.

Since Orbiter AV

thrust and averse weight:

ApproxWPROP =

" 9._2 fps, calculate reduced MPS time f_om the total MPS

AV (WOrbite r ÷ WpL + WTU0 + WET+ WPROP/.2)

gxI
sp

f 9.1_2 (155 + 78 + _ 0.i) klb
| , , L

32.2 x b_2.5

U _.._2 x 288.1 x 1000

32.2 x I,l,2.5

- 19o.h lb

Exact WpRop " 9._2 x 288.09_ x 1000 - -----19°'5lb
32.2 x _1,2._

This is comparable to the value of 132.2 lb computed previously from Orbiter

weight alone, and applies to Alternatives #2 and #8. If an interrupted burn,

Alternative #7, is used, more propellant will be expended for an earlier in-

terruption period, because the AV gain per unit of expended propellent is less

and must be made up later. ' ...



MPS Compensation

Three engines at normml thrust for 116 see :

3 x _70 K ib x 116 = 163o560 K ib-sec

Two engines at EPL (109%) for 512 sec:

zx 512.3K1bx 512 = _2_,595 Klb;sec

Orbiter Total Inventory = 688,155 K Ib-sec

External Tank (ET) holds 1,555 K ib of propellant (usable):

Then specific impulse I = 688.,1.55K 1b-see thrust
sp 1,555 K Ib propellant

- _42.5 seconds "'_

WPROP = AV X WOR B
l

I xq
sp

This is 132.2

1,555,0o0

9.42 X 200,.000 = 132.2 ib of ET propellants

_42.5 x 32.2

= 0.0085% of the ET inventory

Orbiter burn durations are computed as follows:

Three engines @ 100% Normal 58,500

1,410,000

Two engines @ 109% Emergency 58,500

1,024,600

O_S Compensation

aVRE0_ = "2_ =

AVAvAI L I000

2 x 6000 ib thrust =

Thrust time duration =

= 0.041 sec

= 0.057 see

0.94 % of total OMS inventory

12,000 Ib total ON_B thrust

_8,500 = 4.88 seconds
12,000 ib



l_lta V Benefit Due to Suborbital Abort Dump During Engine Operation

Objective. Assess the effect on AV as a result of dumping LO2 during the

main engine burn period after SRB Jettison in a suborbital abort Mode III.

Assume for this analysis that LO2 dump is compatible with engine burn and

that appropriate lines are available for such dumping.

Analysis. Two of the three main engines are assumed operable during an

abort. These produce 2 x _70K lb. of thrust and are operated at EPL of

109% of nominal thrust, or 109% x _70K = 512.3K lb. each and I02_.6K lb.

total. Two 0_ pods will also be operating at 6K lb. thrust each. Total

thrust, then, is i02_.6 + 12 = I036.6K lb. The weight schedule as a

function of launch events is shown inTable 6._-i.

Table 6. ll- |

SHUTTLE ASSEMBLY WEIGHT DATA

i

Ascent Weight Orbiter Ext. Tank SRB Total

Liftoff (T - 0)

Pre'S_B Sep (T + 115)

Post-SRB Sep (T + 116)

Pre-ET Sep (T + 628,2)

Post-ET Sep (T + 629.2)

207K 1633K 2327K h167K

207 1280 309 1796K

207 1280 - lh87K

207 78 - 285K

207 - - 207K

Orbiter P/L Cryogens Total

Orbiter Landing (T + 13_3)

Empty CargoBay

Min. Tug/PL Wt

Mod. Tug/PL Wt

Mod. Tug/PL Wt

155K

155 25

155 33

155 25

- 155K

- 180K

- 188K

• 8 188K



Averaging the weight at the beginning and end of thrust gives a value for

AV calculation.

Option i has 43746 lb. LO 2 and 7954 lb. LH 2 (51,700 lb. total)

Option I (Rev.)has 50,850 lb. total at 5.5:1, or 43,027 lb. LO2 and

7,823 lb. LH 2.

Option 2 has 55,500 lb. total at 6:1, or 47,571 lb. LO 2 and

7,929 lb. LH2.

Option 3 has 54,450 lb. total at 5.5:1, or 46,073 lb. LO 2 and

8,377 lb. LH 2.

A 3 inch line will drain 7655 lb. ofLH 2 in 410 see @ 18.67 ib/sec; or

45,930 lb. of LO 2 in 630 sec @ 72.90 ib/sec. A 5 inch line will drain

7655 lb. of LH 2 in 130 sec @ 58.88 ib/sec; or 45,930 lb. of LO 2 in 200 sec

@ 229.65 ib/sec.

4

Assume an early Mode III abort initiated at T * 121 secs., 40K lb. solar

flight.

Case i Dump LO2 only (assume an aft 3-inch line) 630 sec in 3 inch

line, (507.2 sec during burn)

Initiation: T + 121, I036.6K lb. thrust, 1487K lb. wt.

OMS burnout: T + 249.3, I024.6K lb. thrust, I174.2K lb.

Main engine burnout: T + 628.2, 0 thrust, 285K lb.

AV- g IT _ 32.2 x (128.3 x I036.6K) + (378.9 x I024.6K) x 32. 2

WAy G (1487 - i174.2)/2 (i174.2- 285)12

32.2 x 128.3 x I036.6K

AVI = 1330.6K +

378.9 x i024.6K x 32.2

728.6K

= 3218.h + 17,157.2

= 20,375.6 fps if no LO 2 has been dumped.



Now calculate the effect of LO 2 weight reduction by dumping:

72.9 ib/sec x 128.3 sec = 4626,5 ib (avg)
LO 2 dumping reduces avera6e wt. by 2

1330.6K ib to 1324.0K ib during the first period and by

72.9 ib/sec x 378.2 sec = 13,810.9 ib (avE) from 728.6K ib'to 714.8K
2

during the second period.

133o.6 728.6
nv 2 = 3218.4 x132-_@/_.0+ 17157.2_= 3234.4 + 17488.4 = 20,722.8 fps

Therefore, the change in velocity (AV 2 - _V I) due to dumping the maximum of

36,874.8 lb. of I/)2 after SRB Jettison and before main engine burnoutthrou6h

a 3-inch line is computed to be from 20,375.6 fps up to 20,722.8 fps -- a

potential change of 347.2 fps or about 1.7%.

Note: A 2-inch line is provided for vertical fill/drain. The 3-inch abort

dump line is for sub-orbital dumping.

_he total L02 dumped during main engine burn, therefore, is 9253 ib + 27,621.814 =

36,874.8 Ib, or about 85.7% for Option !, 77.5% for Option 2, and 80°0% for

Option 3' These values of dumping are not available through the side 3 inch

abort dump port without unporting (this occurs at about 45% max.). It is therefore

LO 2 dump to fully utilize the main engine _urn period.

A late mode IIl abort will occur when much less propellant is in the External

tank but has less effect on velocity gain due to the smaller average weight

reduction during burn. Figure 6.6.4- illustrates%his effect and the greater

gain due to early abort dumping.

The conclusion is reached that a small but significant delta V is available

for early dump during main engine burn, and the greatest gain is obtained from

dump initiation immediately aTcer the abort decision is made.
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"{ OPERATIONAL COMPLE_TY

'Operation_l complexity may be defined as the number, duration, criticality

and ease of completion of the combined events or functions that must be per-

formed on the ground in order tO accomplish the required Tug missions. Or eater

capability Tugs have increased complexity by virtue of their ability to perform

payload retrieval through the addition of rendezvous and docking capability.

The abili_.y to handle spinning payloads sad service orbiting payloads are

further examples of added complexity due to increased mission capabilities.

Low perfomnnnce Tugs incur greater complexity by needing kick stages to

achieve o_herwise impossible missions. Autonomy level has a significant effect

on complexity since it determines the proportion of events accomplished on the

_round versus those performed on board the Tug. Complexity is also related

to the m,:_ber of critical events because contingency means must be provided

for failure to successfully accomplish each critical event. Complexity in- ;:

creases • [th mission duration capability since a lar_er number of events are

performs( over the lon_er orbit _tay times.

Evaluati( a of operational complexity does not readily lend itself to quantita-

tive ano.-ysis. A qualitative ex_umination of the applicability of the factors

affectin, complexi'hy to a specific confiF, uration is considered the most suitable

_pproach to comple'.:ity assessment. :

L.-

7-/



7 OPEHATIONAL COMPLEXITY

7.1 Methodology

Operational complexity may be defined as the number, duration, criticality

and ease of completion of the combined events or f_nctions that must be per-

formed on the ground in order to accomplish the required Tug missions. Greater

capability Tugs have increased complexity by virtue of their ability to perform

payload retrieval through the addition of rendezvous and docking capability.

The ability to handle spinning payloads ahd service orbiting payloads are

further examples of added complexity due to increased mission capabilities.

Low performance Tugs incur greater complexity by needing kick stages to

achieve otherwise impossible missions. Autonomy level has a significant effect

on complexity since it determines the proportion of events accomplished on the

ground versus those performed on board the Tug. Complexity is also related

to the number of critical events because contingency means must be provided

for failure to successfully accomplish each critical event. Complexity in-

creases with mission duration capability since a larger number of eVents are

performed over the longer orbit stay times.

Evaluation of operational complexity does not readily lend itself to quantita-

tive analysis. A qualitative examination of the applicability of the factors

affecting complexity to a specific configuration is considered the most suitable

approach to complexity assessment.



7.2 Results/Conclusions

Option 3 includes two Tug configurations, an initial and a final. The initial

configuration has low performance capability and no retrieval. Lack of rendez-

vous, docking, and spin-up capability and short mission duration contribute to

a low level of complexity. The number of critical events is low due to limited

mission capabilities and duration which also results in low complexity. The

low autonomy level (IV) increases complexity but the overall level is considered

low. •....

The final configuration has high performance capability, rendezvous, docking

and spin-up capability, longer (six-day) mission duration and a resulting high

number of critical events. All of these factors incur high complexity levels

as does the low autonomy level (Ill). The overall complexity level is con-

sidered to be high.



8 N_T_ORK/CO_UNICATIONS REQUIREMENTS

Subsequent to Concept Selection the COR directed that tracking and coznuni-

cation network costs be removed from the flight operations cost estimates

and that network utilization requirements in hours be calculated instead

for both the 15 station ground net and a 5 station TDRS net.

Since this determination requires ttmeline information it was necessary to

base the calculations on the four reference missions for which timelines

have been developed. Computations were made for each reference mission

based on the following groundrules

a. Each main engine burn requires three ground contacts, i.e., uplink

state vector update, downlink readiness report (with uplink burn

enable or denial) and post burn downlink report. The times

allotted for these contacts were 1, 2, and 2 minutes respectively.

b. During long coast periods a Tug status report will be required

every 8 hours. This contact will require 2 minutes.

Ground tracking for orbit ephemeris determination is estimated to

require a S-minute track by each of _ stations separated by at

least a quarter of an orbit. Such a determination will be

required prior to each main engine burn.

d. Other contacts required during payload deployment_rendezvous and

aocking were determined f_ _h_ ti_ll ..... _"_.._"--_ con--i__+__ _

mainly of uplink sequence initiation and post operation reporting.

Usin_ _hese groundrules, the mission timelines and the orbit profiles,

calculations were made to determine the number of passes and contact times

required for each reference mission, below and above 5000 KM for each of

the optton/config_rations. Option 1 and Option 3 Initial are the same

while Option 2 and Option 3 Final are also alike.

Using the number of missions of each type for each option derived from the

mission c_pture analysis, the total number of passes and contact times for

each mission category was calculated. Combining the mission category

totals produced a grand total for the complete program Options 1, 2, 3



Initial and 3 Final. Since these are estimates of requirements, they are

independent of the network considered and will be the same for the 15-

station ground net, the 5 station TDRS net or the AFSCF net.

A sumnary of network utilization requirement estimates are shown on

the following pages.



NETWORK OPERATIONS RFAUIREM_qTS

GEO-SYRCHRONOUS MISSION (REF MISSION . )

PER MISSION

BELOW 5000 KM

NUMBER OF PASSES
CO.ACT TIME (IN Mimn_)

ABOVE 5000 KM
CONTACT TIME

NUMBER OF MISSIONS

TOTAL NUMBER OF PASSES

TOTAL CONTACT TIME (IN.MINUTES )

PLANETARY MISSION (REF MISSION 7 )

PER MISSION

BELOW 5000 KM

NUMBER OF PASSES

CONTACT TIME

ABOVE 500OKM
CONTACT TIME

Nt__4BEROF MISSIONS

TOTAL NUMBER ;OF PASSES
r ,

TOTAL CONTACT TIME

IfIGN-INCLINATION ELLIPTICAL MISSION

(nEF MISSION _ )

PER MISSION ' •

BELOW 5000 KM :
NU_._ER OF PASSES :-

CONTACT. TIME

ABOYE 5000 KM
CONTACT TIME

NUMBER OF MISSIONS

TOTAL NU_ER OF PASSES

TOTAL CONTACT TIME,

O_tion 1

_9

7o

_9

113

3277

13_7 _

37

89

19

21

777

2268

28

68

h5

56
1568

6328

optlon 2.

29
70

lS8

105

3oh5

20790

....89

19

lh

_,:518

1512

28
68

57

57

1596.

7125

,, Optio_

,Initlal

29

70

_9

82

2378

9758

137

' 89

19

16

592

- !728 '

28
68

22

616

2_86

,,,, ,, i

3

Final

29

70

lS8

131

3799

25938

37

89

19

6

222

6h8

28
68

57

51

I_28

6375



NETWORK OPERATIONS REQUIREMENTS

( Cont inued)

SUN SYNCHRONOUS POLAR MISSION

(REF MISSION 5 )

PER MISSION

BELO'_ 5000 KM
NUMBER OF PASSES

CONTACT TIME

NUMBER OF MISSIONS

TOTAL NUMBER OF PASSES

TOTAL CONTACT TIME

GRAND TOTAL NUMBER OF PASSES

GRAND TOTAL CONTACT TIME (IN MINUTES)

Option 1

31
7_

• 32

992

2368

t

Option 2 _tion

31
7h

h5

1395

3330

655h

32757

Initial
ii

31
7_

i0

310

7ho

Final

31
7h

_8

1_88

3552

6937

36513



9 GUID_;CE UPDATE A_ALYSIS

Analyses of the Guidance Navigation and Control (GNC) subsysten were made to

determine plac_nent accuracies at synchronous altitude. The analyses included

_he effects of the navigation uncertainties of the ground trackin8 system and

the guidance errors ancumulated durir_ each of the main engine burns.

The ground tracking accuracy was analyzed by Aerospace Corporation using a

digital computer simulation b_sed upon the current range tracking accuracy of

_he S_N and SGLS equlp_ent. The simulations established a need for four ground

contacts in low earth orbit to determine navigation parameters of sufficient

accuracy to accc_plish the synchronous deployment mission. After four station

contacts in low earth orbit, the navigation uncertainties were as follows:

Rad/al

In Track

Cro_s Track

Postion Velocity

(ft) Cftlsec)

61o 3.0

3040 0.6

610 0.6

An analysis of the ground station coverage was made to determine the n_,mb_:r
o_

of pcssible contacts in the low orbit portion of the synchronous mission.

The following stations were assumed An the analysis.

MIL - Mila

TAN - Tanamarine

HAW - aawaii

GDS - Goldstone

ROS - Rosman

BDA - Bermuda

AC_; - Ascension

BUR - Johannesburg

_U_ - Qui_o

AGO - Santiago

G_ - Guam

The results are s_mmarized in Figure 9-i and Table 9-1. The time scale

origin is at Shuttle lift off. _ased on the navigation analysis, the earilest

opportunity for the phasing orbit burn is approximately one hour and forty

minutes after launch. Depending on the longitude of the payload deployment,

the first _rn can be as late as 11 hours and 5 minutes.

Availability of tracking stations for the transsmchronous orbit was also

investigated. For this analysts only the rite stations were utilized:
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Table 9-1 (Page i of 2)

TRACKING STATION COVERAGE

(for 28.5° parking orbit)

Acquisition
of

Signal*

HR: MIN

T,O8 S

of
Signal*

HR: MIN

At

MIN

Station

0:00

0:32.15

i:13.31

i: 23.82

i: 30.96

l: 31.25

1:35.69

I:49.68

2:0.93

2:5.89

2:h7.10

•2:57.31

3:5.51

3:39.16

3:50.30

3:56.15

b:22.30

4:h5.06

4:55.61

5:7.40

5:3_.h7

5:39.90

6:42.33

7:9.88

7:15.02

7 :56.28

8:25.24

9:58.56

o: 2.84

o:36.82

i:17.25

1:27.15

i:36.0_

i :34.06

1:37.65

ii55.67

2:7.56

2:11.10

2:51.90

3:0.89

3:9.00

3:44.92

3:57.06

4:0.80

4:28.96

h: 51.07

4:59.56

5:12.75

5:41.18

5:45.91

6:48.70

7:16.65

7:2.1..77

8:3.05

8:27.9_

I0:4.52

2.8_

4.660

3.943

3.331

5.079

2.810

1.954

5.99o

6.642

5.216

4.8o0

3.585

3.496

5.751

6.755

4.650

6.658

6.011

3.951

5.552

6.712

6.oo6

6.367

6.769

6.750

6.77h

2.703

5.957

MIL

TAN

HAW

GDS

MIL

ROS

BDA

ACN

BUR

TAN

HAW

GDS

MiL

ACN

BUR

TAN

GWM

HAW

GDS

QuI

BUR

TAN

QuI

BUR

TAN

HAW

AGO

AGO



Table 9-1 (Page 2 of 2)

TRACKING STATION COVERAGE

(for 28.5 ° parking orbit)

Acquisition Loss
of of

Signal* Signal*

HR:MIN HR:MIN

_t

MIN

Station

10:56.99 10:57.07

11:33.47 11:49.85

11:48.48 ii:5h.56

12:30.66 12:36.95

13:8.66 13:1h.38

13:23.60 13:29.65

*Based on minimum look angle of 5°

2.079

6.381

6.082

6.292

5.713

6.055

GWM

, AGO

ACN

GWM

AGO

ACN



COOK - Vandenberg

GW_I - Guam

BOSS - New Hampshire

IOS - Indian Ocean

!_,ecause the destination to geosynchronous al_itude can be arbitrary, arrival

longitude was made a variable parameter. Figures 7 9-2 through 9-6 show

the tracking coverage for each of the five stations. Figure 9-7 shows

the total coverage for all stations. These data were generated from an

_._AC computer program called Trajectory Simulation Manual Program AD77.

This p:'ogr_ was originally developed as an analysis aid for SaturnSS-IVB

•_e preflit,,ht and post flight simulations. Results show that complete

covere_,'e is available after about 75 min. during the ascent. With continuous

coverage available after 75 minutes, the navigation accuracy is as follows:

Radial

•r,, Track

Cross Track

Position Velocity

( _ ) ( ft/see )

533 .189

3261 ,!30

152_5 1..250

_ne guidance error sources are sumnarized in Table ,9-2and are based

upon present strapdown hardware technology. The gyro errors are based

_tro i3 calibrated prior to the Tug launch. This error analysis is also

ba_ed upon utilization of the star trackers for an attitude update prior

to each main engine burn. The placement _accuracy sensitivities to these

error sources are su_narized in Table ,9-3 which indicates that

accelerometers are the major source of error. The errors are based upon

uncorrected targeting data.

Table 9-h summarized the total placement accuracy for both the uncorrected

and corrected cases. The corrected placement accuracy is based upon re-

targeting of the fin_ insertion burn using the navigation update during

the transynchronous orbit. Both cases are well within the specified

placement accuracies.
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i0 RENDEZVOUS AND DOCKING

i0. I Rendezvous

Baseline rendezvous and docking operations for option 3F are initiated

immediately following the injection burn into the target vehicle orbit.

Targeting conditions for this burn are defined by vehicle placement accuracies

and rendezvous sensor capabilities. Specifically, the targeting point must be

chosen so as not to exceed the sensor maximum range and maximum scan capabili-

ties for a given placement accuracy. This relationship between accuracy,

targeting, and sensor acquisition is shown in Figure i0-i. The rendezvous

sensor specified for these options is body fixed scanning laser radar with a

maximum range capability of i00 nmi and a scan field of view of +--15°. The

placement accuracy for both options is +_i0 nmi (3_). Referring to Fig-

ure i0-i meeting the +_15° FOV requirements results in a targeting range of

50 nml and a maximum range of 60 nmi., (Points A) which conforms to sensor

capabilities. These range values may then be referred to Figure 10-2 which

shows the rendezvous time/energy trade. For a 6 hour rendezvous interval

(chosento minimize out of plane correction requirements) the rendezvous_V

required is between 26 and 39 ft/sec.

By relaxing the _+15° acquisition scan angle condition rendezvous energy

requirement may be reduced. Since the sensor is body fixed this requires

maneuvering the vehicle to increase the effective scan FOV. As indicated in

Figure i0-i, increasing this value to _5 _ results in an energy penalty of

2.3 ft/sec (equivalent AV) and a time penalty of 16.5 rain and gives a nominal

range of 25 mi and a maximum range of 35 mi (Points B). From Figure 10-2 this

results in a rendezvous AV range of 12-21 ft/sec or a net nominal V reduction

of 13.7 ft/sec.

Docking

The docking phase of the operation begins after braking the gross rendezvous

velocity and at a range where docking port orientation can be detected. Follow-

ing this detection a small ('-2 FPS) axial closing velocity is commanded.

Subsequently a lateral circumnavigation velocity is commanded to maneuver the

vehicle to the desired position along the extended docking port axis. The exact

I0 --F



ranSes at the start _ _ c_ thi_ mznea_wezv _ not critical but there is

siSnificant rel_tic_ship bet_e_ theme. T_ initia_i range must be large enough

that a range of 500-1000 ft is required. Figure 10-3 shows a simulation of the

lateral _elocity Inp_. Other_. the _ sloshing-excitation caused by

lateral acceleratic_ ms_ .__z_ c_l_i_lt_. ..... S_nul_ion results indicate

that a range of 500-1000 ft is required. Fi__g__e!0-3 shows a simulation of the

terminal phue of _h a maneuver.

Once translational and rotatianaI elignmen% with the: docking axis has been

attained final clc_e to cc_%a_ ia initiated. Nominal closure rate will be

1 fps and the vehicle attitude and translational position measured by the sensor

and nulled about the docking axis. Simulation studies (including sloshing

effects) have shown that this maneuver. _ b_ controlled within the following

Axial Yelo_Ity

Rotation

Translational Position

llmlt s.

o

\
As the Tug approaches the target there w__lI be _ minimum range condition at

which closed loop tracking and homing ceases. From this point to contact the

vehicle is inertially controlled based on the last measured closing conditions.

Contact error conditions may then he determined based_on the control accuracies

given above, sensor accuracy, end the accuracy of the _terminal inertial closure.

The error values as defined in Volume 5 are:

Sensor Angular Measurement

C_ro Drift

Aeeelerometer Null Error

Senmor-II_ Alignment

._ deg

._ de_hr

. J

The resultant contact error values are shown in Figure i0-_ as a function of

loss of track range. For the senso_ a.l_n_ the minimum- range capability is

ft giving a contact. _rror of _.7 in. However, geometric viewing consti-aint

m_ increase this minimum range value. Foar example, with the sensor on the

/O-Z_.



pez_phez_ of the TuK and & ztqu_z_men_ t;_ _ _ cen4;er of the target

(probable _r n.pinning tsrSe_m)_he zd_Lmu_ _ev£niF zqm4pe is 26 ft. Referring

to Figure 10-4 this increases the contact error to 6.3 ft. However, the docking

mechanism will tolerate errozl of up _ l_I in s_......_&l;, the m4n£mum vie_nK

ranKe requirement indicated is 46 ft which seems achievable_ for any target

asometzT viewing eonditions.
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GROUND AI_ LAUNCH OPERATIONS

Ii.i INTRODUCTION

The results of the ground and launch operations task include the detailed

definition of all ground andlaunch operations activities, equipment, manpower

and schedules at both the F_Rtern Test Range (KSC) and Western Test Range (VAFB)

vhlch are required to support both NASA and DOD Tub misslons.

The overall study/program obJectives vhich related to the ground and launch

operations task are to

1) Low cost, development and operational, shall be a prime o_Jective in

the attainment of the Space Tug capability.

2) The Tug shall be fully reusable with a minimum life of 20 missions with

a design goal of 100 missions.

3) The mission success reliabilitM goal for the TU_ shall be 0.97 minimum

for all misslon phases.

k) The Space Tug will be designed to be returned to earth in the Shuttle

--_ _ ....... _ billty "" ........................ ' .............
(.,

cost is a design objective.

5) The Tug shall achieve resonable turn'around times and effective mission

cost by reducing as much as possible, maintenance and inspection of

systems, resulting in minimum subsystem replacements betweenfllghts,

The methodology of the _round and launch operations development for the cryogenic

Tug basically consists of a ten step process. Each process step is described

below and illustrated in Figure I.

" /I-I
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STEP I: FUNCTIONAL FLOWS

For each Tug vehicle configuration option, top level functional flow diagrams

were developed utilizing data and Wi,oundrules presented in the April 1@73

data package to reflect the operatioanl requirements of each Tu_ option

for the following items:

Flight Requirements (NASA/DOD)

o ETR launches

o WTR launches

Flil:ht Composition

o Tug ( slc)

o Tub with:Kick Stage

STEP 2: _ TASK DESCRIPTION SHE_S "

As a prerequisite to the development of tlmelines and manl0adlng, a task

description sheet was constructed for each function identified in the

functional flow diaFrams of Step 1. These sheets were based on the _utde-

lines _ndrequirements contained in the April 1973 datai_ckage as well as

MDAC experience in performin_similar tasks on the SIV, SIVB, Thor, Thor

Delta, and Skylab programs. The title, objective, purpose, location, required

equipment, manpower and interface requirements for each functional task were

specified on these sheets.

STEP 3: SUBTASK DEFINITION

Individual subtasks and their respective manpower allocation required to

accomplish each functional task were defined utilizing the task description

sheets of Step 2. Timelines were then developed to determine the overall time

required for each functional task. These sheets were coordinated (and modified

as necessary) with company engineers having appropriate checkout, maintenance

and repair experience to insure the reasonableness of the time estimates and

adequacy of the equipment defined.

STEP h: MISSION MODEL ANALYSTS

The mission model for each Tug vehicle configuration option was analyzed

: /l-.._



for each launch site with regard to number of Immches, user (NASA and IX)D),

flight composition, and mission type (deployment, round trip, etc.) The

predominate Tug mission was then selected for detailed _nalysls and

development of task timelines and sequences, and ground and launch operations

manning requirements.

STEP 5: T_SK TIMEI,I_S AND SEQUENCE DEVELOPMENT

Based on the predominate Tug mission selected for each Tug vehicle

configuration option in Step 4, the appropriate functional task timelines

developed in Step 3 were assembled on a sequential hour by hour basis in a

manner consistent with the functional flows for each respective Tug option.

STEP 6: TURNAROUND TIMES

Tug turnaround times were determined and top-level operational bar-chart

flows were developed for each Tug configuration option based on the assembled

timellnes of Step 5. Statistical analyses of unscheduled maintenance require-

ments were included to provide adequate time for contingencies. By this

means, the probability of meeting the turnaround time was established as .985.

J

STEP 7: SKILL PER SHIFT DETERMINATION

The task timeliness of Step 5 were evaluated on a task per flifht basis and

appropriate manpower skill requirements were optimized utilizin_ skill

sharin_ techniques where possible to assure maxlmumutilization of individual

workers.

STEP 8: MA.kql._JMvs. MANDATORY SKILL BREAKDOWN

A skl]l per shift matrix was developed for each Tug vehicle configuration

option utilizing the data derived in Step 7 in order to determine the

maximum skill breakdown requirements and the mandatory skill breakdown



requirements during those shifts whose operations are constrained by the

Orbiter ground processing schedule.

STEP 9: MANPOWER vs. FLEET SIZE DETERMINAT!ON

Based on the required on-orbit time and the turnaround time derived in Step 6

for each Tug option, liftoff to lif_off times were determined and the active

Tug fleet size for any requiredlaunch rate was derived. Manpower levels

for each required skill were then assigned on a per-shift basis accordingly.

STEP 10:

Utilizing the data generated in Step 9 and the number of required launches

per year as specified in the traffic model for each Tugoptlon, a total

manpower per skill per shi_t per year matrlx was developed.

The ground operations plan developed for each Tug vehicle configuration option,

provides the necessary supportive elements and associated data necessary to

accomplish the study/program objectives and includes the following with pertinent

results summarized in Figure 2.

1. Oroundoperations cost data for each WBS element

2. Manning requirements (skill categories, crew sizes by year based on launch

rate for both ETR and WTR)

3. Active Tug Fleet size

_. Total program fleet size

5. Impact to Ground Operations in each applicable area for a two-year IOC

delay for each Tu_ option

6. Operations constrained by the Orbiter

7. Ground turnaround operations description and timelines based on functional

flow diagrams

8. Task descriptions for each Tug option

9. New, existing, or modified facilities and respective costs

//xS-
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11.

12.

_SE descriptions (type, amount, location, cost, etc.)

Maintenance/Refurbishment/Checkout impact on turnaround cycle

Spares planning

j

J
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Figure 11-2. Ground and Launch Operations Summary
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2.2 Groundrules and_ Aesun_tions

_ne _ruundrules and _ions which influence the develOl_nent of the ground

I_anch operations _: are_ summarized as follows.

_.1 General

_ves

e Low cost, devel_ an_operational, shall be a prime objective in the

_atnment of the S_ac. _ T__- capability. (Data Package)

The Tug shall achi_ reasonable turn-around times and effective mission

_t by reducing asp m_ch as possible maintenance and inspection of systems,

L_mlting in minimnm_ aubsystem replacements between flights. (Data Package)

l_.Iit ies

e _ Tug shall be c_l_ of being serviced by the standard STS environmental,

l_cwer, and fluids eeaw_e_ facilities. Unique support requirements shall be

l_rlded by the Tu__tor. (Data Package)

Par_t_ities are re_ at _1_ and KSC to support pre-flight and post-flight

_cessing of the T_. The: facilities shall provide standard services ,e.g.,

le_er, fluid, and _ntal control.

_i.2.2 Ground Systems

_nund Support Equi_nen_

• _e need for special_._d_post-flight servicing equil_ent shall be minimized.

_U_a Package)

6
Neconfiguration o_ the_ (Orbiter) access panels will be charged to the Tug

a will the unique A_E_ required for the checkout or test procedures. (Data

_acka_e)

_h_out

_e Tug shall ut_t_ _ automatic checkout AGE for pre-flight and post-

_Ltght checkout sn& tes_: procedures. (Data Package)

W_en installed in th_ orbiter cargo bay on the launch pad, Tug access to

_he automatic checkout: system shall be via the standard Tug to orbiter

_aterfaces. (Data l_acka_e )

//-9
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Unique Tug checkout or test requirements will be supported from the Mobile

Peffload Service Tower throu6h orbiter interface panels. (Data Package)

The Tug shall also be capable of interfacing with a secure SGLS compatible

@osmuntcations system when secure data transmissions are required to support

Tug processing procedures. (Data Package)



i1.;_. L_ Operation Plan ,.

Receipt

o The Land£ng Fa_lit_v _ be _ _x _

O

delivery of the Tug at t_e ?-___. _ _ _ a_r_raft.

(D_ta P=kage)

the Tug v_a the Or_ter webY_. _ Um_e_)

0 Nee T_-s _ be deliyered t_ th_ _ _ _?,- _L_..

(Data Package )

0

O The Tug off-load_ f_ a2r-@_-zef__ bee _-_-_...-:-_-_-'_-._by a

lannch site erev _ho _ re_n_e _ w._'_r-- _ _ a_rcra_t

and deliver it to the PPP at _ _ _ Yn_

0

?aailtty at ][SC. (Data _)

Any spee_alized shipl_iz_ _pms_ _ _ _m_r_ _nS

receipt (at the PPF oz" T_q_ end _ _ _ _n:trm:tor.

(Data. Package)

0 A new Tu_ _ be subJec_.d to a wX.mu_ emd_ _mt:_Lmm_ • -.

inspectionfor shlpp_ _e_e. (Dmm_ _ackea_)
_mmm_

........ • //-/_



t

_or_e

0

•for a missis.

,.

Bet_rbis_nent

0

At the completion of the initial receiving inspection

operatlon or the malntentnce cycle, the T_ vi1_ be prepared

for. storage in an operat$cmal condition if not scheduled

(Data Package)
.

At t_l_, the D0D irlll perform postflight maintenance and

rei_rbtshment operations for both DOD and NASA T_s in a

dedicated DOD payload processing facility. (Data Package)

O

O

At 7_C, NASA rill perform postflight maintenance and

rei_irbtslz_ent for both DOD and NA_q Tugs in the NASA T_

Processil_ Facility. (Data Package )

At _, r _h e P_O_ _oces Si _ Facility supports the receipt,

storage, refurbtsheen_ and pre-flight processing and checkout

of the T_, including, if re auired, mating and Integration

0 At litC, the T_t Processt_t Facility supports the receipt,

storage, refurbishment and pre-flight processing and checkout

of' the Tug, tncludir4t, Sf required, mati_t and tnteltration

of the _ Irith a spacecraft. (Data Package)

t/o//
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0

•_ activities vIJ1 In_3_ule per_c_mm_e _ _ _e-

8eC£ons iden_Ifled during the pre_ed_ ,,_-_ _ _.

_lentlfled durlns the Inspection, _, mn_

eeCtyltles o_ _e t_ _ (_ _)

Predle_h:e maintenance uslnS trenl _ _ d_-_Ted:

f_ on-bon_d sys.tems vi_ be esphmslse_ _ th_ _-_ e_a_.

ponibIe. (Data eackase) -'_

0

0

Preventive maintenance actions _ be S_S*__TTT

em-_ed out to provide for the _ (:ere c_ 1_ Tn_.

(Em,'_. Package )

The _ viii be sub3ec_ed t:_ a _ _t_.1_

inspection of all access_ spsc_ e_: _i_ns

arrival in the T_ _ F_.. (D_t_. Package)

_eeesstble Inspection _ _ t_

a. Vel_tcle structure c_m_Ian

b. Security of sub_steeu :i.=s___='r'_.v_m'r

c. Contatnmemt of _"luidn

d. Gener_ condition _ v_

e. _- Genera.T" clean_nes_ c:_ veI_I,.e_ (_ _._.,_e)

.j

)/-/.._

12



t

.° -

_1o=s '.'111 be ImL'_'c:':e_ _cm.1:

m_rtenanee and che=knu_ cTul_ an _ _=_e_tve
.

1baSis tO :insure _h:f._l,e :Ll_e_:_v, (D_ P_u_kage)

0

.0 Unsehed_d ma_ntensnee. __.1_ he _sc,r__ Te-.*_d_ c_ an: ws_

Pre_ht Proces-4 _

0

0

Reihn-bished DOD T_s at _ _ be r_u_.e_ t_r _ _ed

I_D p_load pro_ess_ • f__ Z_r __ _ b_,

IX_D personne.t. (V_ta Paoke_e] "

Pre_ate activities rill-be to _sb. end: _ the. _t_r_ace

(_echaniea_, electrical, snd :_,n.f,.d): _ the_ _ and the

=paee_ra_t an_/_r Orbite_. _a P_)

,i

//-/_



o (Data Package) ..

e_mnn2_ti_ _ _ h__ _ the

_d Spa_ _t_f:n_ P_:t_. o _ t*n_. Satellite

O_ta_l Pa_v W _ _ _Bsztests.

w rto

Vben the requ/z'e_ _ _ c_. the-__vehtcle

entered for _ _ _ _e tn_wlduall_

daeeked out end _f_ed_

£_ the e_pl_-_[nn c_ _ _ _d= checkout

o

V



.o _-to-_pscecrs3t _ti_ (_ta l_c_)

spacecrsi_ at KS_.

I

the PPF at _m. .

Yu_-'to-Spscecra_ zat_ ¢merE_.f.m_ ere

with interface verifi_ on_ _ s_wtem

_0 • .

o
_tion in Orbitea'(Data P_)

- Installation of p_loads (_ag sn_.,c_ _)

in the Orb iter eea-_o 1_ f.s _ _ t;o
i

be sncozpllshed in the C_Irlte_ _ _ _ O_bSter

is in the horizontal l_md_t:[on.

Insta_ation in the vertical _p_=_r usdJ_d_e

1Payload changeout fac___es _ s_ _ _aunch

pmi shall be utilized f_ __



¢ I

0

The Orbiter Me7 provides l_e _L_ Y _p

_:LUation of the _, or "JPUPlmm_'mm:'_t __

• a the Orbiter csr_o b_.

are pe_ormed and ,nter/l_e _i_ie_

A_/GS_ and the _ssion o_erstm- consc___

Storable Propellants

J

(Data Pac)u_e )

The Storable Pro_e)_ant Fecilt_ _

¢zpabillty for loading st.ca-ahle_

for prer1  Opera.tins.

The Storable Propellant Fect_r _ tt_

_l_l_ty for restdv_l _ _

T_ decont_in_ion.

O

O

_ent

e

8er_cini_

(Data Package)

The Shuttle Integration end Rs_ng F__._

provide the ca_ahility to mm_Tn _b_ C_h_te_r

• cargo bay env_wmm_ntal __ __ t_

requ_renents of the _u_ end/_ _.

(Data Package)

Fa_il_ties at the lennch _ w_iT _ _bw

follov_ng for the _u_:

a. . Pl_ellant Fill an_ Dru_

b. _nerge_cy Propellant Drain

//-.-/



(Cant° l

C.

L

4_

£.

°.

__t. Fill and .Vent

Ommmic_£ons _ rat _ Mo_

Subsys4_ Test=

Intesrstod Systea Test

o Pad Hold

era,

Sq_rable Tu_ propellants and _ nm_ h_

losdod either on the pad vh_JLe _he Tu_ _ __ the-

esa_ b_ cr _ some re_aCe _ __g_f_r

• o _/Shut_e int_ratim

(Data Package)

If • hold is required e_ter _

_ng, the prope, l_mt loadin_ _ _ _m

eon_r_t for a rematch mode a_ _.

Durlng a hold period, selected _ sn_ A_"

psraReters vLll be mcnitca_d t_ _ _e Tb_

_m s_a_us.

o Baekout (Data Package)

CrTogeuLc propellant detank_n_ _ be

_/A the p__Uant loading sys_

qmmmD

Du_n_ detank_ng, ind_dna_ drsd_ _ _ bt

_z_lized for the Tu_ and Orh_e_, m_ _ _ be

accomplished s_nu_tanecualy.

//-/7



- 14o_tort_l of detankinE vil_l he _e_ _:_v°

"°

'_e re_ved p_-load (T_ _:_/cr _)

he _ to the PPF o_ the TFF.

o Safe and Purge (Data Package)

At the safe and purge crew, residual

are removed and the pr__ tank3 uurlte_

At the safe and purge are_ _ l_essn_

irj,lr|;ems are ve_rt;ed.

At the safe and purge area, the _ o_tnancm

is disarmed.

Thermal control of the Ti_ and/c_ sp__ _ be

lutntatned durinlt se__e'a_d tnn_e p_-_=duret..

0 Rmoval (Data Package)

The Orbiter HCF i_rowldes th_ _ fc_

of the Tug or TutI/spac_ asse_y _ _ (IL-h:Ld:e_

bay.

k_../t

Y!



Far contingencies, the _ _ _e_vic_. Tover

_Tranrpcrtaticn -

0 " Classified Slx_ec:-sf_ (1_

A s_m-ity _'_I:LT, menlJ_!m_T_..e_c_l_mEl_Im_

If • classifie_ s_cecrl_ _ _ _ _ed,

pzoced_es vJ.l.1, be e__ _cE _ :l_bTsic_

seeur*_r.

0 C'l,l,_:Lnmnl (Data Package)

_n'Imsfe_',

_he Tug viii be en_e_ _ _ pm_e_v_ czn_r to

•aln_In its _ _ t_. to the

spacecraft matt_ _ --

J_



ii. ". }l ::h,,I,l,1,' GI, i dell.lie::

Preflight Processing

o

- The p_load _ no_ be f_._r_ __Lt_ th_

Orbiter in the horizunte_ posftf_e. (_g _TOD_-

The access, rlmmm3., _ _ c_" l:zs_1.os_

on the pad m_t be a_y. _-he_ n_ _ _TBD____

bmxrs prior to _m_- CJ'sU [PT'rU_)

0 Checkout and Testing

Detailed acceptance _ c_ _ 1)e_l_i

subsystem is performed l_ar t_ _ra(_S_..

{Jsc o77o0)

A lwAuch readiness ehe_k_x_ _ _e

at the latmch _d _i_ to _ s_ and

pr_ellant loading. (_U 077U(I)

Checkout of the paylae_ f_ _--I_uncir. _p_

makes use of' the grcmn_ _ _ an_ the

anboard checkout c__ de_de_-_c_ __u_link

c,:,,,m.nds. (Jsc '



Conditioned air purge rill be s_ .l_lie_ _n the p_

b_ at the launch pad, up to 30 _=rtem 1=_c_

e. 0 to 200 lbs/nin.

b. hS"_F to 120°F vithin +2°F of destx'e_

c. Class 100,000

d. 0 'to 53 gra.Lns/pcund ot' air

Fr_ 30 ninutes prior to propellant ln_b_, _ _a

litton, a Cl;2 pu.-'_e (for the pay_ i_-)i, _

r, zpp_ed. (_SC 07700) .

•at. 0 to 200 lbs/nin.

b. k_'°J ' to 120°F, vithin +2°F of desit_

e_ Clus 100,000

d. 0 1:o 1 graln/pound of G32

Post-FllKht Processin_

0 The payload vl]_ normally be rmnoved vith the or_l_e_ i=

the horizontal position. (JSC OTTO0}

e_

o

//-_/



i_.2.5

wmJ

WORKING GROUP GUIDELINES -.

" o Us, a un£fom Xaunch _te in • givem _ve_: (6 _ LOPS PANEL)',.

_tle Compliance

o The Tug ground operations _ be e_pat£bXe .with the

_ine I_C Space Shuttle Processi_ Flow, (G & LOPS PANEL)

o The espabtX£ties and constraints f0r the Space ShuttXe

are summarized on Figure 11.2.5-1 (G & L OPS PANEL)

O Mm_Xoading requirements are based on .work schedule

a. 8 hr/shlf'c,
b o 2 shtt_slday
e. 5 &qr,,/week

Cleanlineu,.

o It is reemended that Tug cleanliness be compatible with

that provided in the Orbiter payload bay (G & L OPS PANEL)

°. .o

5eeurit_

: o Security at _R should be treated the sale as ESC.

(G • LOPS PAIIZL)

Alternat e Site

o Alternate sites will not Ue available for .the Tug Program.

(Cost Panel)

_ap

J

t





ii.3 Ground Operations Plan

ii. 3.1 Section 6.11,3 provides a baseline grolAn_doDerations plan to suDoor_

the DOD-SAMS0/NASA-MSFC Option 3 Space Tug. A pre-IOC operations

plan, top-level functional flows, operations sensitivities to Tug

configurations, operations constrained by the Orbiter, ground turn-

around operations, task descriptions, and manning requirements are

provided in this plan.

The plan identifies the ground operational requirements for the Tug,

including interfaces and interactions of DOD and NASA operations at

mm (_c) and _ (VA_).

A two-year IOC delay within the Option 3 SpaceTug program has the

following effects on active Tug fleet size and total manpower

requirements.

Active Tug Fleet Size

a) Option 3I: The active fleet size in program years 1980

and 1981 is reduced from i to zero at ETR.

A two-year IOC delay has no effect on the active Tug fleet

size at WRT.

Option 3F: A two-year IOC delay has no effect on the active

Tug fleet mize at either ETR or _R.

Total M_npower Requirements:

a) Option 3I: The total manpower requirements in programyears

1980 and 1981 are reduced from75 to zero and 168to zero

people, respectively, for a net reductions of 2_3 man years

at ETR.

A two-year IOC delay has no effect on total manpower require-

ments at WTR.

h) Option 3F: A two-year IOC delay has no effect on total

manpower requirements at either ETRor_R.

j



VOLUME 6- OPTION 3

11.3.2.1 AetiTation and Verification Operations for ETR and WTR

The schedule summarizinE the activation and verification operations for E_R

and WTR i8 presented in Figure I. This option includes reverification of both

sites for the final configuration phase of the program.

11.3.2.1.1 Eastern Test Range

The activation of ETR will begin 36 months prior to the initial IOC date, 2_

months prior to the initiation of the Tug Flight Test Ground Operations of the

initial configuration. During the first 20 months, the site configuration will

be completed and activated. In the 21st through the 2_th months, the facilities

and equipment will be verified utilizing the Space Tug simulator and the Shuttle/

Tug Interface simulator.

The final ETR verification and cex-ttficatton will be completed from the 25th

through the 36th months utilizing the first flight vehicle. The personnel

utilized during this phase of the program will establish, revise, and finalize

the procedures and plans for the operational phase of the program. These

personnel will form the nucleus of the operational ground crew compliment at ETR.

Reverification of ETR for the final configuration will be cclpleted during a

twelve month period lead_n_ up to the final phase IOC date. These activities

will utilize the flight articles and the existing ground crew at ETR. This

approach i8 possible because of the ainimum vehicle (and related ground) con-

figuration differences between the initial and final program flight articles.

Western Test Range

The activation of WTR will begin 12 month8 prior to the WTR initial configuration

IOC date. Personnel transferred from ETR will activate the facilities and verify

the ground confisuration utilizing a flight vehicle. These same personnel will

review, revise, and finalize the plans and procedures for the operational phase

of WTR operations. Much of the equil_ent utilized at WTR will be provided from

the factory and ground test eqtttl_ent inventory.



Reverification of _R for the final configuration will parallel the ETR activa-

tion and verification operations. The WTR activities will utilize a flight

vehicle and they will depend heavily on close coordination between ETR and WTR.

J

o
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Flight Tests

The first produced Tug will be equipped with special flight test '

instrumentation in support of the following objectives:

a.

b.

c.

d.

e.

f.

g.

Propellant settling.

Propellant utilization,

Propellant feedline and engine thermal conditioning.

Propellant conditioning.

Zero-g heat transfer.

Avionics cold plate temperature stabilization.

Vibration levels ofselected critical installations.

Information will be obtained from this instrumentation during the first two

flights flown by this Tug. The flights will carry spacecraft for orbital

placement in the event NASA is the procuring agency. These flights are

dedicated test flights, however, for a DOD procured program.

Disposition of Flight Test Vehicle

Following termination of the second flight (NASA program) the flight test

instrumentation will be removed and the Tug processed through a normal turn-

around cycle. This Tug will then continue normal operations within the fleet.

In a DOD program, data from the flight tests are a part of the total data

considered by the DSARC. During this review, this Tug will continue to fly,

carrying spacecraft for orbital placement, until such time as inclusion in the

fleet is ordered. At this time, the instrumentation will be removed and the

Tug processed through a normal turnaround cycle.

Supporting Tim, lines

Figure ii-i and Figure 11-2 are the schedule for this flight test operation

for Options 31 and 3F. Figure i1-3 depicts instrumentation removal time

requirements and turnaround cycle time lines can be found in Section 11.3.6.

•j
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ii. 3.3 Top Level Functional Flows

Top level functional flows for ETR and WTR, options 31 and 3F, are presented

in the form of summary time lines in Figures ii. 3.3-1 through ii. 3.3-4. The

supporting flow diagrams are presented in Figure ii. 3.3-5 through ii. 3.3-8.
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11.3.4 Tug Operations Sensitivities to Tug Configurations

Each _ option configuration was assessed with respect to

A. Turnaround time

B. Manpower

C. GSE

D. Depot maintenance

E. Facilities

for the following Tug configuration differences

A. Retrieval vs. no-retrieval

B. Mono-propellant vs bi-propellant

C. Cold helium vs ambient helium pressurization

D. Fuel cells vs batteries

E. NASA security vs DOD security

F. Kick stage vs no kick stage

G. Engine configuration

H. On-orbit time

I. Autonomy level

J. Abort requirements

Results of these sensitivity analyses are summarized as follows:

Turnaround Time

The key drivers in Tug ground turnaround time sensitivity to Tug

configurations are: - "_=-::_-

A. Retrieval vs no retrieval ..

B. Monopropellant vs hi-propellant

C. Kick stage vs no kick stage

Retrieval, bipropellant, and kick stage ground operations increase ground

turnaround by 5 hours, 15 hours, and i hour respectively.

• Q

,,Manpower.

The configurations which influence manpower are as follows:

A. Cold helium pressurization operations increase the mandatory required

manpower by four people

B. Fuel cell operations increase mandatory required manpower _y six

people.



C. DOD security requirements increase the maximum required n_npower

by two people.

D. Kick stage operations increase the maximum required manl.ower by

six people.

_E

The key drivers in C_qE sensitivity to Tug configurations are as fo31ows:

A. Retrieval operations requires spacecraft/Tug demating GSE at the PPF

and TPF.

B. Bi-propellants require bi-propellant handling and storage GSE at the

storable prope]3ant facility.

C. Cold helium operations adds maintenance and refurbishment GSE at the

MCF and servicing GSE at the launch pad.

D. P_el cell operations add maintenance and refurbishment GSE at the

MCF and servicing GSE at the launch pad.

E. DOD security requires COSEC checkout GSE at the PPF and an inter-

facility security transport vehicle for Tugs which fly classified

payloads.

F. Kick stage operations add additional kick stage/Tug integration GSE

at_the PPF or TPF.

Depot Maintenance

The configurations which influence depot maintenance are:

A.

B.

_ " ._ °.o

Monopropellant APCS requires the replacement of 12 sets of aft

firing thrusters.

Category 2ARL-IO engine requires 12 engine overhauls.

Category I RL-IO engine requires 18 engine overhauls.

° -

Facilities

Facilities are relatively insensitive to Tug configurations with exception

to kick stage missions which require an ordnance facility for kick stage

storage and assembly.

jj__._-_
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11.3.5 Operations Constrained by the Orbiter

The Tug operations which are constrained by the Orbiter for Option 31 and 3F

are listed below according to their corresponding Function Breakdown Number.

These operations are time constrained in order to not interfere with the

Orbiter ground turnaround schedule.

F.B.N TUG OPERATIONS CONSTRAINED BY THE ORBITER

2.3 TUG/SHUTTLE MATE

2.3.7 Payload Installation MCF

2.3.9 Verif_ PlTload-To-Shuttle Interfaces

2. _ CO_DOWN

2.M.1 Orbiter/Payload Integrated System Test

2.4. la Monitor Storable ACP8

2.4.2a Tug Service at Pad

2.)_.2b Tug Service at Pad (I_on-Cz_ro)

2. _. 3 Tug 8errlee at Pad (Cryo 's)

2. h. _ Final Cheeks at Pad

2._.5 Remove l_71oad (Pad)

2._.6 Payload Installatlon or Removal Preps (Pad)

2._.7 Payload Installation (Pad)

3.i SAFE SECURE

3.1.1 Tug Ground Saflng at Saflng Area

3.1.1a Tug Gromld Safing at Safing Area

3.2 SHU/TLE/TUG DE_TE

3.2.3

3.2.5

3.2.6b

3.2.7

Recover Tug at MCF

Recover Tug and S/C at MCF

Recover FSE (Cabin) Equipment (COMSEC)

Recover FSE (Payload Bay) Equipment



11.3.6 Ground Turnaround Operations Descriptions and Timelines

_,e operational timelines for _I_ and WTR as summarized in section ].1.3.3 were

developed using the methodology described in section ii.3.1 and are pre-

sented in the pages following section 11.3.7.

As an cx:,mple of how the decisions were made for where certain functions are

performed, trade study sheets on Tug/Shuttle Demote and On Pad vs Off Pad

Insta]latlon are inserted after the timelines. These sheets e/so provide the

response to action items 98 and 139.

i1.3.7 Task Description Sheets

The detailed timelines of section 11.3.6 consist of several hundred separate •

tasks. ]_ach of these tasks, in turn, is described:by a separate Task Descrip-

tion Sheet. Because of the volume of these sheets, they are not presented here

but rather are included in appendix II.10-D. Also included in appendix D is

•the baseline time line (which includes all operations for all options) from

which the specific option time line was developed.



TASK TINELINES

FOR

THE CRYOGEnC TUG

GROUBD AND LAUNCH OPERATIONS

OPTION NO. 3I WTR

S_ 1973





r

M.

n

I

ol

I

I







!
i

8

!i





r

[]

H

I
I

I
I

H

O-J

/J- ,t4,



i . i ii

La



a _ ...............

!

a

! ! ........

i i i i i



A

I,

z

//--_p



I/... _



• -- D _

//. ,_/



o=

I •

s/-7_

m





i

1',,4
£-,_ II

IlI,, I_

u

o IB

i I

,-4 i

i ! .............

i
I
i

O

l'e

e4

IB

l

-\

_-._ _,,



i I_ +. p;_ I |
I..+_I+ N mm . + __I__,_

!I.A!+.I ........:................L, ,
ml I +a I I"

"I+i--............



i

--i

L

m|
N

N l

i m
O a,_ ................

Jt-_/.

t





-1 .........



D

i,

//- 79



I!o

I

|. "

i





co
,,-4

r-4

/l!i

_O 4i ,

//-_



| D

m

J/-_j



,'4

e-I

i
E

m

i
i

"!
i
I

i

I
i

I
i

i

0

......... m

_'/-SV



JI-_,A-



_i-_



,

N

11-,!'7



! o

.......... i

I...............
.... - _i_

r4

ii-F8



al'_,

i
Bb

aD

_ mn

14b I

_ _°

i °
it

n

N

Oml .............

u



,.-I

I_lli

|

t

o,,-oiZl

Om

L_

._a .....

mm

.... m N

.... J rtt_





_0

o

l_,.m

_0

Ou

!

\



r

m

c_

J
m

t_

,am
Ain

IV

0 am

am



i i ii i i

I

_.s.? ,/





I



I
I
|

'I



CtJ

//"_ F



I'--

A

_o

Ii

0

g')

I--¢

0

M
Ul

I-..4

"..]
I

H-'_,I
H 0

H

8_

I.

H

H

...... I

!

u_

0

8

--_

O

O

O

O

°°

rt:l



Iz

m

om

N



i i

I .

JJ-Jo t



_J -/D -.1



I ,

i

i



p



i,

i

m

D





tJ-I o ,7



IL,
/ I:1

/",'

o ...... I_1

/I../_ j,,



N

I/-/_y



Jf -it O



I'

i! JJ-/I I



[|

r
i

u

[]
M

u_

P_

.n
v_

0 m

m

,-,,,,

m

-tq

JJ "1f



TASK TIMELINES

FOR

THE CRYOGZBIC TUG

_OUSD AWD LAUNCH 0PEPATIO_

0PTIO_ NO. 3T WTR

S_ 1973



,,t-sj,_,



*'-4

i

I=_

¼
_r

L*

u

m

_m

0 I , -°

0

I

..@,
!

I

!

IJ--J,X,.S--







!

g

u

Oil

iI



l l!̧, i,,
JJ-11._'



i I

,.-4

r..)

_a4

m

Ole

_m

0 a ....

t_

t_

I

J/-J_O



| n i I

-¢



N



J !oio !

,_ __ r__





_u

U,_, ,,m

.11, i

¢e_ "'

jJ-J,,_.-







ao

Z

ii

_rr

o_

m





T

1[

%

i i ...............

. !

_I '_-__/ Ir _ ...............

w

0 i

........... D _

|l

vL,"

S i -.jj_



i •

t



u

°i

t_111

OIl

st- 13._



|



!



J/-13,,r



,...4
r-I

,-4

,-4

!

P_
sa_

i

t'--., ........

°I!

,...I

Om ...............

sJ -/JL.



ii l [ l ii l l l i| I l l

i

|

I i
|

i

8
I=.I

P_

.=I

CO.=

i_" "'' ,

"° =

.....i li. ............

u .........

OI .......

!

//"/'3 7 "



t

I

i

Om_ ....



,-t

I

J

v_

om

I| I

mm .....

I I

.,I-ij ._



,-4

C_J

r-I

C_Wet

co"_

I
I

I

I

C_J m

OR

IB

I
I

I
!

....... I._ °

f_
-Q

f_



I

!

I-4

u

oml

_0 In

L_,.. I

_,OJ

I

U'_m

_ am

rm_ m

O u

.............. d D

0_ ............

n_L

D

_l-1..s I



m

CO

...:lr
a,n,I

m _ m

w

Cv'_-,,-

""
rr_

........... toni

.... nmp

_ laura,



.I

B

- !



P_

0 I -,. _ .

-PJ-i _¥



!



- !



li

|
J

r,1

L I

,eJ-i,_._.



J

I
o ! I

,u

Om 0 ........................

//-/.,,' IP



11-t¢_



m

0 i



|l , i ,| i | | i

e..i

1.4

J

v.
t_

t

i

0 m

I/- sj,"/



I

I

e-t

c_J

0

v

erJ

m

_,tQ

es.,
I-4

0 E_
_._

r_

0

0
I-'4

_ E_

J

I

I
!

i
i

i

i

I

o

0

0 . _

-- I -

0

0 _

0 _ _ _

_ 0

i
M _

_ 0 0

E_

0

..... I

..... j

\

0

I _ -_.-_"._



i

i





i



i
r

+_]" +",,..+-C,



,4 m

%





,=i_ , , l,, mid _



i • i• i

II
e

f-I

81;

om

8

ii
0

0 i

|

i"
0_

q_
-ql)_

x/-/¢_ o



•'/"'/& /



, i i
I



,Q
o

o

M>,-

m
n u i n ul i n • in u n ! n

!

ID



J

J_

I

I

J

m
Eli

m

V,

i
|

I

I

I

I

i_

" i ° • ,...............

-N





@

M m

I-.I

//-/¢_



up

#



TASK TIMELIHES

FOR

THE CRYOC_0 TOG

GROUND AND LAtWCH OPERATIONS

OPTIOH HO. 3I ETR

1973

//-/_ F



I

t

!

t

"/-"'_ 9



I

Be

m
m

w

.......... D

0 I

!

I

!

!

J/-i _0



11-171



ly)

I_Ka
tm4 l_J

_ o-
iC_m
L



I i el ,||1 i |1 i ,,, |

L i I i I iii i i i i

./d-/_..._
I



J
8

_r

D



e

i

m

!
M

M
N

8

i

0

m

J

m

• n nn n n i

I

I'

"i'-"..........



I¢%
,-4

r-q

i-I

Om

_/-/w/.





I

I
I

0



f_

°i

li

O--

° I



Ji

:i
I IU

m

1,4

L

0 I

I-'4

r

i

J



/l-/ r I



r

om

IK_ In ---'_ -°-

o__J.........

'I

!
I



4

]

d1-i tJ



+i
+

ISm.!

co

LI_,-

•_lP m

_r"l -

o_,l

O m



J_

I

#--/l_:r





li

i i i i i



l

i
I

i

s/-/gf'



!

_J

as-,, r'9



i

I

O
t-I

N

I
M

g

N

c
m
m

M

IX;
m

,=4 ml

liE*
.=,11i_

m

J

:)me

"9 l

-- m
3 m

!

T',,



i i i

,-I

r-I

f-I

H-/yl



e.i

i U,_m.

..-IF _'

m

. .... _ .... • __ ................. _0_

0 ! ..............

Qo

e,,i

I

I
i

i

11-1_,,a



.i

m

I

!
l-I

i ......

0 Ii

I

I

xI *'/9_



i

N N
in,- m

|

m

ON

m

i

_m

0 m

i

I

I I-I_ t4



li

!

|

,j

_c

Oll

C_ am
rl

_0 am

O m

m

E-I

.!

I

I



r
I

• I

Ji

M N

tr)

m bco

m ..............

m

m

D

N

0 m , .. .... m

,,I,,/F_





T-I

F-I

i,-I

v _LT

III!

EL m

m

411

cO

u

L/_ u

GL --

_F-i--

O m

.... D

ID

lid

i

l

//-t9t"





i i

0,,I
o

e-i

I

J

J

I

OI



_m
L

I
0

i



q

r"

i

i

_S

gr,el

m

1

CU'.

OM

i

i !......
! i

D

-N

.... i,m N

!
I,.4



!

u_

C_

i .



@d
ID

i

_J

i

_o

"i



Ill I I I

zB

I

°.._m

•. D

D

_S

0 j ......................... m_

l i
k



in i Ull i n

r

a
Ii

I

I

.J
i
I

o





_t

_ imq

LiD

m

m

,i,m

J

I

J
I

.9.: i ...........

0 m



_d

u

,,J

I"11 II

om

r'-'l q

I

!
• ,.I ..........



i

I

"° " I



Od

0

11 U

0

i--t

E_

o
¢z,

0

Z
0

,J

k,

J

i-!

od

o

OM

0
0

C"-,

m

#,e
0

E4

1,4._

H

f..q
0

0

0

0

Ul

0 0

E-I

I-4

0

_ o -_

",l -- _.
m

M
_ m

_ Y
_. |

0

H

0

D

0

0

i
°.

° _



/ __
/ _ i_

_ J _ i _ " L _ I

_ J il_ ........ III I I I



i

J

olm

lJ

N
"ql

%

qb

o
--q)

%

i

I

/f..._/j



C_J

F



JJ1_ _g_l_b m



_ o..

o

,nmw.

"N

N



N

//""_/7



llg

N

N



im i g IL I _1

c_

J/- .._jb.._



D

ola

u

i/%

._1,m

i-I

m

I0



i
!
4
4

!

M m

q_
ql

qq

P
f

!
4
4

i

i ......

w-w

m m

O m _

...... _ ° .

N

N

J/-_,,,,n I



TASK TIMELINE8

FOR

THE CRYOGENIC TUG

GROUND AND LAUNCH OPERATIONS

OPTION NO. 3F ETR

SEPTDm_ 1973



| i 1'_

,-I

0 _

!

-b
I

I

i,
i

I
I

I



I

om

0 I

i
"°° _ I_ ......

I

|

I

i
!

!
!
I

i
t



" _iiI



!1

1'I-& ._ &





!

i

o _

I nl i i





It'_ --'

•,,.'t "

D

J
_q

-f



[

IYl

!
l

q_Fi--

i ii ii iiii i ii m II _iII L _,_ _i i

...... 4

_ gum,

!,



if

i--(

lel i

!

(iy_I

0 m ..............





J

i

i

i_ I "

0 m

H

U



t



I

m

z

R

W

N

I

8

w

_gM
m

O_.,,

it- _,,,j d,,





u

L/%a

_r g

i

J
!

f
J
I
t
t



,/)

_B
"411

_|

m



P
i

I

f-I

A

Ji

i

II

I
L

uiib ............ i

i
I
I
I

O-,J

i

I

i

l
I

r
i
I

t





i i
rl i

t
I

i

i

gl

o

i i

8

i



II..,_ _.j,





L'--

i-4

i-4

t

i i I

I I | i i i





r-I

r',4

m

cr}

4_ m

I-4

i'i



o-I

|

!

i-I

0 i

I

-s,



i.-I

ii,

• i i/ i ii i • i i i ii i

i

i

!

_t

I

l
I
!



m

;-4

N

f_

_9
w m

RIM

J

m g
o Ud
m m

m

._. -,I

O

J

. _...,,....,.J



/ ,

J

i ii i i , i i i

 jl,,......

0 _

" I

!

'i



i,-I

I

OM

!



a

f



_r

o-4

i--I

fur I
_il INm
El* Im

II
4 I_

• []

I
CO

_ an

q_O m

ii

Q m

ii

m

L

i





oo "Y



C_Io

II

Oil
0 I



C_J
_D

,-4
e

_Au
v w

N N
Lin

m

|

!

i
!
t

I
|

i

.]



I

!

I

,,/=,,._._- _.



u,,

_m
_!t °-
Ou

.-...J



,J
v_

.,t

"'11'

LI_ im Ip -

m ....

. i I ii !



_J

i

mm

i

ii i i ii i ml ii i

............ p



r

,"4
O

u

....... r

0

t

f



i"





C_d

_r,J
_w_ A
W V

_ M

IL. Im

olm

o
r.i ,,-

ao
aim

I_ 0 I

0 m



!

c_

c_J

!

tJ

GO 4



i

11

(%1
I

I

Iim

-t
-1

I
L

)i
I )i.,o .................................

.. , Ifl_



c_J

cu

i i

J

u

I| i
i i

t

/

,','-_ L,¥



0J

0

rJ_ i

0

H ,-I

0 E-4
,,.-I_'_

O

I.-4
1:I:1

Q
H

t°°1o_

H E_ r._

_"-' _ _ j___ o _ _

_'_! JO _

H O

0

_ _1
i_ _ rO

__ o

M "1--4
_'. "b,1 L',,,1 _ I ........
0 I-4 I.-4 0 i

H I--4

_-1 O Q

I

,-4

r-I

0
H

0

--.-_

r,/*j

0

i-..4

% H

ra
m

I
|

.l
i



I •

i
I

v_

°

I

i



i

C%1.

v)

I,

Ss.. ,_ ? .._



i I L i

I,..I I i _t_ .......
_ _ I

i_,I!1 o_l_L,.I............ L _ I



_Io

_3

i

ii

ao

0

I..i00..........,

L.............

N

//-=7_



$



t

!

t
I

//"-_ 71.



Od

..=r

a

i

I

I



,iD

(%1

Em

$2

gl
M

r_e BIB
m

u

i

m_

l

1
l

!
i

I
i
!

!

I
!

I/...,,_ f



i.

CU

• i .............

!

i I

L1

M I

0111

a

0 a

r_

I
" B



.o

,.tl"

¢u

P

L
. _ .-qi=m_

sJ-._ IPo



I i l II I l

I
l

I

m



r)



ON PAD VERSUS OFF PAD INS A LATIO 

(ACTIONITm IS9)

HDAC

b/Shuttle aatlng is currently baselined to oe@ur at the Shuttle :alnteaaaee

and checkout facility 1MM hours prior to launch. ACter installation has bmm

completed, however, the Tug is essentially inaccessible until, sA_er orbiter

erection and mating vith the external tank, the Shuttle is transported to the

launch pad 88 hours later. If, hoverer, the bug/Shuttle :sting is performed at

the launch pad, the Tt_ turnaround schedule cad be shortened bF 11 sht_ts.

Compression of bug turnaround has no effect on ground' crev size vhtch is privily

dependent on annual launchrates, hoeever, the active fleet size can be reduced

as the turnaround time is shortened. If the _g production fleet size can be

reduced (atfective substantial savings), on-pad installation is highly desia_e.
J

MDAC Position ..

On-pad installation is highly desirable for Tug options i and 2 since produetlun

fleet size can be reduced by one Tug from i0 to 9 and 9 to 8 respectivel_.

The T_ production fleet size is based on equal usage of each bug and the n_mber

of Tugs required during the last program year. Additionally during the last pro-

_ra: year, for each bug option one Tug ee expended during the middle of the year

vhich has the effect of reducing the f_igh_ capability of _e T_q_ _7 _vp.

Figure 1 illustrates

a) T_ active fleet size requirements for MCF and on pad insta/lation versus

annuaA launch rate.

1)) the launch rate spectrtm for each Tug option

c) identification of launch rate and required number of bugs during the lmrt

program year for each Tt_ option.



q

Table 1 indicates launch rate and n_ber of T_s required during the lamt

program year for each T_ optioa.

i

2

3z

35

_0

110.OF 'I',JOS

3

k

k

5

By comparing Table 1 with Figure 1, it can be seen that for options 1 and 2,

during the last pro_eI year, the active fleet and therefore the production fleet

size can be reduced by one _.

The production .fleet size for Tug Option 3 is hoverer not sensitive to a turn-

around compression of 11 shifts and the time and location of T_/Shuttle mating has

no effect on the ntmber of production Tugs required to satisl_ progrl needs.

IIpaet

In addition to eliminating the requireIent for on Tug in Options 1 and 2 (and the

acccIpanying cost savings) additional subltantial savings can be accomplished if

installation occurs at the launch pad by eliminating the requirement for Tt_/

Shuttle GSE at the H_F. (Refer to T_/Shuttle DeIate and Safing Area wersuI

Shuttle MCF. )
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TUG/SHUTTLE DEMATE AT SAFING AREA

VERSUS SHUTTLE MCF

L) q8 1

Review of the functional timeltnes (3.2.3 versus 3.2.2) indLtcates that the Tug

yehi@le can realize a seven hour savings by removal at the safing area versus

the Shuttle MCF, .._

MDAC Position • ,_
..... _ , ', ,.

Recover returning peyload_at safing area if p_71oad/Shuttle integrations occurs

at the launch pad -ihstead of at the Shuttle maintenan_e and checkout facility.

If psyload/Shuttle tntegTation occurs at the launch pad a substantial sawlngs

in Shuttle/Tug GSE can be affected since

I) _huttle/Tug integTatlon and checkout GSE is no longer required

at the MCF and equivalent GSE located at the launch pad will be

utilized for on pad installation and post installation checks.

2) Shuttle/Tug demate GSE is no longer required at the MCF and Shuttle

provided demate GSE at the ss/_ng area will be utilized.

Recovery at the Baling Area is no more or less complex, requires no more or less

equipment, end requires no more or less men than recovery at the Shuttle MCF.

Reduction of Tug turnaround time by seven hours if Tug/Shuttle demate is acccl-

plSshed at the Safing Area has no effect o_ the Tug progTam active fleet size

or ground crew size. Since neither ac_iTe fleet nor ground crew size is affected,

the seven hours saved provides program planners with a seven hour pad with which

_o aceolmt for potential variances in the actual ground operations task times.



Be Shuttle ground f_ov vi].l require change to show this approach, hoverer,

sinoe the Shuttle "is providing for the capability (z_e_erenee data package,

page 50, paragraph ,B. 2) there viii be no inpaets to the Shuttle program or

planned facilitiel. ,..
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ii. 3.8 Manning Requirements

Total manpower requirements and skill mix as ETR and WTR are shown in

Figure ii. 3.8-1 through 11.3.8-4. The year to year variation in manpower is

directly a function of the number of tugs flown in the mission model. The

effect of a 2 year 10C delay is presented in Figure 11.3.8-5 through 11.3.8-8.

Clearly this shortens the operational lifetime and reduces the total manpower

expenditure. However, on a year to year basis there is no measureable effect.
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11. _ Logistics

The I_AC Space Tug Logistics Concept incorporates the Spares, Transportation

and Handling, Training and Inventory Control and Warehousir_ functions.

S_ares

The maintainability analyses have addressed unscheduled maintenance in terms of

spares requirements. This applies risk of failure analysis methods to predic-

tion of spares requirements and maintenance manhours. The results of the

analyses are s_,narized herein. It will be noted that several candidate

configurations have the same predicted performance although there are differ-

ences in subsystem equilxnent. This results from several considerations. These

include the gross state of descriptions that do not permit differentiation in

parts counts or complexity of some components; all engines are considered to

require the same unscheduled maintenance although there are differences in

scheduled maintenance; and rounding off at a reasonable decimal value. All

predictions were made by the smme methods, thus assuring that the data presents

the proper range of relative performance for purposes of preferential evaluation

and ranking with regard to unscheduled maintenance.

Spare parts costs estimates were introduced into the cost model in terms of

initial spares and depot maintenance, measured in terms of equivalent units

of any failure present in a returning Tu_ for the first five flights. The

estimates for subsystems assumed at least one of each replaceable item plus

several additional parts for those items having a high failure risk and a

long flow for depot overhaul. The initial stock is a function of flight

frequency, depot flow time and desired probability of sufficient stock for

any contingency. Depot maintenance costs are based on failure rate, estimated

repair level (percent of component replaced) and percent of part coat to

handle the cost of the repair cycle. An example of the method of calculation

is provided in Appendix C.



Transportation and Handling

This function considers the following areas of hardware movement:

o Intrafacility operations at MDAC during manufacturing and refurbishment

o Delivery of new Tugs to KSC and _ITR

o Rotable spares between launch sites and factory/depot area

o Switching of individual Tugs between KSC and WTR

o Intrafacility operations at KSC and WTR

o KSC/WTR to and from Shuttle alternate landing site

The primary mode of transportation between MDAC and KSC/WTR will be by "Guppy"

type aircraft when delivering new Tugs or when switching operational Tugs

between KSC and WTR. Movement of Tug hardware (other than a complete Tug)

will be accomplished via appropriate land and air modes as dictated by specific

program requirements.

The selection of preservation methods, packaging levels, and protective handling

shall be based on analysis of natural and induced environments to which the hard-

ware will be subjected during its life cycle. Major emphasis shall be placed on

minimizing damage from environmental hazards encountered during storage, handling

and transportation. Special attention shall be given to parts procedures to

insure that program critical hardware items are given preferential treatment

throughout the manufacturing and logistics pipeline. Selection of preservation

methods, packaging design, and level of protection shall provide a reasonable

balance between cost and performance.

Training .',;'_'

The training concept for the Tug Program is based on the premise that training

will be required for all ground personnel (customer and contractor) and that

personnel assigned to the Tug Program will already be skilled in their respective

specialties; therefore, training requirements will be limited to the adaptation

of their respective skills to Tug hardware and ground operations.

Training will be conducted at the manufacturer's location and at KSC and WTR.

There will be no requirement for simulators a_d dedicated Craining equipment.

Test and flight hardware, augmented by audio/visual aids will be used. No

special training facilities requirements are planned.

tt"3Do
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Inventor_ Control and Warehousing

The material control function includes the receiving, shipping, issue, repair,

inventory control and storage of spares, repair parts, and special test equtl_nent

(Contractor Furnished Equipment [CFE] and Government Furnished Equipment [GFE] )

located at either the MDAC manufacturing facility or at the KSC/WTR launch sites.

The HDAC concept considers the contractor and user's responsibilities from

acquisition through the operational phase for property control and account-

ability of CFE and GFE being utilized to support the program. The contractor

shall be responsible for controlling stock levels, issues, and maintaining

inventory and property records of all material. The contractor shall maintain

such records on GFE for the purpose of receipt control by requisition number

and contract number. The contractor shall perform follow-up action in accord-

ance vith customer requirements. GFE spare end items furnished for the Contractor's

Program shall not be_co-mingled with GFE furnished for production installation.

Progressively, usage data shall be compiled during the Contractor Support

Program for systematic and timely support review to determine future procure-

ment and stock replenis_ent. Accurate reporting of transactions and end

use of hardvare is the most important aspect of usage data.

CFE and GFE shall be storedunder bonded warehouse concept, utilizing good

housekeeping practices. Special emphasis is placed on control, security, and

protection of material. Items furnished for support of this program shall

not be co-mingled in storage with items of any other program, contract, or

project. Items shall be stored in an arrangement that will facilitate stock

control and inventory. The Armed Service Procurement Regulations (ASPR) and

NASA Procurement Regulations contain the basic requirements for management and

control of GFE in possession of a contractor. MDAC will handle CFE in the same

manner prescribed for GFE and will assure that its subcontractors handle GFE

on this program in accordance with the aforementioned government requirements.

MDAC, together with NASA/DOD will schedule two transition conferences ; a planning

conference and a final conference. At these conferences, the NASA/DOD and MDAC

will reviev and evaluate the experience encountered throughout the Contractor

Support Program, determine and initiate action to satisfy any deficiencies,

and provide for an orderly transfer of assets to the government or operational

contractor.

//-Jo /



11._.1 Spares

The spares planning analysis has developed a spares list to level 8 and a

subsystem overhaul cost. The detail data are presented in Appendix C

along with a description of the calculation methods used. The Tug

maintainability analysis process is illustrated in Figure 11._-1.

The spares planning data are primarily directed at developing a viable

life cycle cost prediction. The list of potential spares was developed

for two levels. The subsystems were analyzed to establish a repair policy

that would be possible with the expected support equipment and test facili-

ties. The repair policy provided a list of line replaceable units (LRUs)

for Tug repair and refurbishment. These LRUs were in turn subdivided into

subassemblies to provide a parts list to level 8. Reliability failure

rates were allocated to the subassembly level and component and subassembly

expected failures were calculated using flight time plus expected preflight

ground operation time. An additional anomaly multiplication factor was

applied to represent the number of items that may need to be changed or

adjusted for each failure that actually occurs in a completely checked

out, flight ready, system.

The expected failures value provided the basis for calculating spares and

overhaul support. Poisson tables were used to determine quantities of

initial and operational spares. Initial spares were selected in a quantity

to provide an 0.90 probability of no LRU stock depletion for 5 flights.

Operational spares were selected to assure at least one subassembly for

repair of the LRU and additional quantitites as required to assure an 0.995

probability of sufficient stock to repair and refurbish LRUs with a

level II maintenance flow rate based on 5 flights.

Depot spares estimates are based on equivalent subsystems required as a

bottom up prediction, whose individual item depot costs are based on a

30% refurbishment cost for the expected failures for the total number of

Tug mlsslons.

The mathematics for the calculations are shown in Appendix C.

a
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ll.k.2 Training

;[ntroductio,. A comprehensive training progrom on the Tu_ subzxsteu

and its associated s_pport equipment will be provided to assure the availability

of trained and qualified personnel required to produce, assemble, check out and

deliver the tug and its associated support equipment and to support the test and

f_._hts.operat ion_ 1 J

During the_Saturn S-IVB and OWS programs, MDAC participated in a campr.e,

henslve task-oriented classroom training program; making maximum use of

engineering mockup, models, and simulation devices to develop and maintain

personnel skills. Each course was taiiored to meet specific NASA requirements

and streszed man-rating and safety. These programs proved extremely succe:_h_l

as evidenced by these programs' achievements. The same policies and criteria _ "

will be utillzed in the development of the Tug training program.

Traipsing services for NASA, DOD & MDAC employes (technicians, engineers,

inspectorz, test flight personnel, etc.) will be

Provided by a centralized training group. This group will be staffed with

experienced system _raining instructors organized and managed to meet NASA,

DOD and contractor employe training requirements. These instructors particl-

pate in the development of training requirements, development of System

Training Plan, and conduct training.

Objectives. The objectives of the T_ Training Program are:

(1) Identify and develop trainlng requirements for courses in a timely manner

to permit the orderly development and implementation of training; (2) Develop

on9 ira;Icm,_ut traipsing courses to ensure the availability of qualified

personnel and skills requircd for the performance of assigned tasks; (3) Provide

2uantitative and (malitativc needs for trained personnel that satisfy prograu

._2
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schedule requirements; and (_) Provide training services rot customer and

contractor personnel in support of their Tug system requirements.

A_nroach. Training services for NASA, DOD, MDAC employes (technicians,

inspectors, test engineers, etc.) and flight supportpersonnel shall be pro-

vided by a centralized training function. Cost control objectives shall be

achieved by use of innovative training concepts developed for otherNASA and

military training programs as follovs:

o Centralized training management permitting instructor participation

during the Training Requirements Analysis. Development of the

Training Plan and the dual utilization of instructor for the conduct

of both customer and employe training programs, being responsive to

schedule requirements of both.

o Making maximum use of engineering development mockups, models and

test and flight articles for training; thus eliminating the development

and production costs of special training devices.

o Identify the annrn_4at_ a,,a_ V_,,ol M_di a e^. ____ ...................... r application tv

classroom, 0J_, and follow-up training as the system is developed.

c I_intain a current catalog of Employe Training courses, complete with

schedules, permitting the customer to participate as desired.

Program quality, quality of personnel, and cost objectives will be achieved

by the implementation of these concepts. The planning and control function

is a key element for the smooth integration of NASA, DOD and

MDAC Tug System Training Requirements

Trainin_ Requirements. Training Requirements Analysis for customer and

MDAC personnel will be concurrent with the Design, Development and Production

Planning. The analysis encompasses all areas of _ob/tasks function, i.e.,



production skills, quality _urance, test engineers, ins_,_ctors, etc., and

is conducted in the following steps; population group identification, Job/task

definition, and the identification of technical material required for use by

each population group. The analysis determines the requirements for both class-

room and other types of instruction for personnel. All MDAC training records

will be processed and maintained. Figure ll.b.2-1 illustrates the interrelation-

ships, identifies the products and services provided, and the sequence of

development and implementation. Special training requirements imposed by

the customer are are developed, scheduled and conducted in the same

manner as for MDAC personnel. Table ll.b.2-1 lists Tug training categories that are

applicable for NASA and DOD personnel.

Table 11.4.2-i

NASA/DOD Training Courses

Type of Course

Briefings

Familiarization

Subsystems, Design

Description

Introduction to the Tug program to include

ground equipment. Serves as an intro-

duction to individual systems briefings
and more detailed instruction.

Introduction to the TUg program including

ground equipment identification and

description of subsystems, major units

and functions.

Detail analysis of design requirements,

functional and operational. Parameter

of subsystem and its supporting ground

equipment.

Population

Groups

NASA & DOD

management

personnel &

program planners

Technical super-

vision & flight

personnel

Project System

Engineering, Ops

engineering,

launch support

_ t._AC training requirements analyses are concurrent with the development

of Systems Requirements and Support Requirements..
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Student population groups are identified, Job/task d_71aitlons developed,

skill levels determined to accomplish task and the identification of technical

materials required for use of each population group. The analysis determines

the requirements for both classroom and other methods of instruction for _._AC

personnel. Table ii.4.2-2 identifies employee population groups requiring training

and a brief description of the type of instructions provided.

Table ii.4.2-2

Development & Production Training Programs/Courses

Employe Population

Groups

Safety

Inspection and

non-destructive

testing

Description

Identification of hazards and notential hazards to

personnel and equipment, and methods of accident

prevention.

Work-oriented instruction on techniques and procedures

on testing, inspection, and operation of specialized

equipment for quality assurance personnel.

System and support

equipment

Transportation and

handling

Maintenance

Material processes

Assembly processes

Test equipment

operation

All levels of instruction describing theory and

function of operational end items, systems, sub-

systems, and support equipment.

Describe operation of eouipment--both static and

mobile--used to handle, transport or position

hardware.

Detailed task-oriented instruction in maintenance,

servicing, overhaul, and repair of equipment.

Skill development in critical manufacturing Drocess,

i.e., metals, chemicals, bending, compounds, welding,

etc.

Skill development in critical manufacturing process,

i.e., metals, chemicals, bending, compounds, welding,

etc.

Task-oriented instruction on operation and application
L

of standard and snecial test equipment.

F
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The result of the training requirements analysis is documented and

included in the training plan. The updating of the requirements J is continuous

i
and incorporated into each revision of the Training Plan.

Tug System Training Plan. Development of a Tug System

Training Plan shall be initiated at ATP and be concurrent with the Training

Requirements Analysis. The Training Requirements Analysis is the basis for

identifying courses to be conductedfor NASA, DOD, and

_AC employes. The plan identifies methods and procedures for each course,

course objectives, and identifies equipment required to support the course;

it includes course outlines, descriptions, manpower requirements, evaluation

criteria and contains a schedule for each course identifying the location of
P

presentation so customer personnel may participate, as desired. This curriculum includes

general purpose courses to provide personnel with brief general descriptions

and functions of the Tug system, plus Job-orlented courses for student popu-

lation groups identified in the Training Requirements Analysis. The plan

required for a smooth transition from DDT&E to Operations. The training plan
%

is a working document for training implementation and becomes theframework

for annual planning of training operations. Adjustments are made to the plan

as program requirements are altered, and an annual updated submittal shall be _-

made through the first manned orbital flight..

Production Skills Tralnln_. Processes involving vocational skills

training arc identified in the DetailProcess Standards (DPS) or Detail Process

Instructions (DPI) prepared by Material Methods and Research Engineering (_&RE),

and training is conducted in accordance with these instructions. Upon completion



uf vocational skills courses, students are required to demonstrate skill

proficiency by manual and written examinations, and are certified as required

by QA. Apprenticeship and/or learner programs, where applicable, are developed,

conducted and administered by Training in accordance with Federal and State

regulations.

Quality Assurance Training. Courses designed for Quality Assurance

personnel stress the inspection techniques and quality requirements in addition

to manipulative or manual skills. Quality control is an integral part of all

skills training programs. The contribution of each individual's work to the

success of the program is constantly emphasized.

Safety Training. Personnel and system safety is stressed in all

training courses. The Safety Department and/or the Safety Manual may indicate

areas for special concentration. These special safety training programs are

established and conducted for identified employes or departments after course

approval by theSafety Department.

Technical Trainin6. Technical training is accomplished by various

methods, conducted by the training organization, performed by experts from

the operating department involved (with guidance and assistance from the

Training Department), or programmed with self-taught instructional media.

Whatever methods used are coordinated and approved by the Training Department

prior to the conducting of the course.

Technical orientation is initiated early in the program to orient newly

assigned personnel on the Tug Program, provides a general description of

t_e Tug system, system function, and Shuttle interface information, and is

planned to be approximately four classroom hours. The technical content will

be maintained at a level consistent with the instructional objective of
i

i_̧



providlng management, and newly assigned personnel, with = brief but compre-

henslve overview of the Tug Program .

Familiarization training courses are developed for presentation to

Engineering, Technical, Manufacturing, Checkout, and Quality Assurance personnel

as soon as desigh concepts are established to provide thorough familiarity

with all aspects of the Tug system, supporting equipment and operation. The

technical content will be maintained at a level consistent with the instruc-

tlonal objective of providing technical personnel with a working knowledge of

the TUg and its supporting equipment, and is planned for approximately eighteen

classroom hours.

The identification and depth of maintenance training courses result from

Support Requirements ANalysis (SRA). The results of the SRA will culminate in

the identification of maintenance training requirements, and courses will be

designed to support all levels of maintenance. Instruction in detailed system

operation, trouble-shooting and repair _--_-_,,,,._..... provide the _-_ required

to meet scheduled turn-around requirements, cost, and loading effect on equip-

ment and facilities. Course_outlines and descriptions will be developed and

_AC personnel involved in test flight operations are provided detailed

instructions on the Tug systemend its support equipment in terms of trouble-

shooting, on-line repair, test and launch operations. The level of instruction

provided is identified in the Training Requirements Analysis and documented in

the training plan. Special course are developed and documented for technical

personnel, and the implementation is consistent with the program schedule.

NASA, DOD and Launch contractor personnel are invited to attend these courses

to partially fulfill the operational training requirement for transition to

the operational phase.



The initial cadre of personnel for the operational phase will partlcipaSe

in test flight training, test flight launches, and be prepared to support the

operational launches. Additional launch teams assigned to meet the projected

launch schedule will receive the same instruction as flight test personnel, and

all crews will require refresher training periodically to maintain their launch

capability and proficiency.

Maximum use of engineering mockups, models, etc. shall

be made to enhance the instructional program for the development and maintenance

of personal skills required to assemble, check out, test and launch the Tug

system. Instructional devices are production hardware, wherever practical, and

rejected parts, components or test items are utilized when they do not detract

from the training objectives.

Tools and machines required for vocational training are the same as used

in production areas, and applicable training will be accomplished on equipment

in the production area, wherepossible. Documentation of vocational training

courses will be accomplished in accordance with established standards.

Instructional Documentation. The Tug system documentation is utilized

for task-oriented instructions when it is determined to be suitable for

instructional purposes. _%en system documentation is not suitable or available

for instruction, special training documentation shall be developed, such as

operational and functional diagrams, descriptions and interface information.

The preparation of Tug training manuals is initiated at system PDR, making

maximum use for existing documentation, and includes system and subsyst_u

descriptions, functional diagrams and visuals to enhance the learning process.

The manuals are prepared, published and used to fulfill the training require-

21-21 . ,.,.p
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merits of onerational training and are turned over to the customer at the
o

completion of test flight operations.

Instructional M_dia.. Instructional media used varies according to

the subject and training objectives.• Basic technique used is oral presenta-

tion, demonstration, application, examination, review and/or critique. Instruc-

tion is supported by video tape, overhead transparencies, slides and movies•

As a supplement to the tri-level Tug classroom training,

video tape presentations and demonstrations will be

developed for tasks and subjects where such supplement is indicated by the

training requirements analysis. Video tape is particularly effective as an

instructional aid in bringing the production areas into the classroom for

vocational skills training.

Video casettes, chosen for ease of operation consistent with high image

quality, will be produced by MDAC personnel experience& in telecommunications

production on the Safeguard and Skylab programs. These video casettes can be

easily updated to include program or design changes, and will provide readily

accessible refresher material for K_SA, DOD and_aun_ contractor personnel

after initial training.

Trainin_Pr0_ram Implementation. The basic method of instruction'

shall be the traditionalstandup technique of classroom instruction using

charts, transparencies, chalkboard, etc., and augmented by special audio-visual

techniques when they enhance the training or are cost-effective.

Tri-Level Training Concent. A tri-level approach is planned for

implementing the Tug training program. This approach enables each employe to

_receive_only that instruction relevant to his Job assignment. This approach

reduces the number of student classroom hours by not subjecting him to "nice-

to-know" but irrelevant information. MDAC shallconduct allcourses using the

tri-level approach. Figure 11.4.2-2 illustrates this concept, and a brief description

of each level of presentation is provided in the following paragraphs.
a
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- Level One - Orientation. The orientation courses will introduce

the Shuttle Program, the Tug vehicle and its _ssociated support equipment to
e.

all program personnel as they are assigned, and provide them with general

descriptions and functions of the systems to be utilized on the Tug program.

Technical content of the course will be maintained at a level consistent with

the objective of providing management, planners, and newly assignedpersonnel

with a comprehensive but brief overview of the Tug program.

•Level Two - Familiarization. Familiarization courses provide a

brief overview of the Shuttle program, and expand upon the Tug

system, system support equipment, manufacturing and checkout operations,

culminating in factory checkout, assembly and test flight operations. These

courses are the basis upon which specialized training for particular task areas

are founded.

Level Three - Svecialized. These courses will be designed to

provide a brief overview of the _ Program and detailed theory, operations,

and maintenance functions associated with specialized tasks on the Tug vehicle.

support equipment, assembly, test and launch.

summary. P_AC is responsive to the ?_ 'P_,u_,_ •_ ............

providing a training staff of experienced training specialists to participate

in the definition of Tug system training requirements, developing a training

plan, and conducting training. The preparation and conduction of training

shall be time-phased to provide qualified personnel, economically managed to

control program cost, and flexible enough to meet all program requirements.

A representative manpower build-up is shown in Figure II.4.2-3A_JD |J,_i._-_l
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Program Option i

11.4.3 Transportation and Handling

Introduct ion

The Spare Tug, its subsystems assemblies and components will be moved a

considerable nunber of times during their program life by a variety of trans-

portation and handling vehicles and equipment. During these movements, the

Tug vehicles/equipments are subjected to stresses and loads which may vary

from those experienced in a mission environment. The TUg design criteria will

be based on flight loads; therefore the transportation and handling loads must

be predicted during design and, where necessary, reduced to assure that

structural damage does not occur during Tug transportation and after .ground

operations. The methods and procedure necessary for protection of the Tug

hardware elements during vehicle assembly, testing, transportation and storage

are developed as a result of the transportability/transportation analyses.

'h_c s_'lcction o6 prc_crva.tion m,.'_.hods, packaging .levels, and protective

i_andlin!; will b(: ba_.ed on aual),sis o£ natural and induced environments

to :..'il:ch the h.'._r_h,'are will ])e :;ubjectcd durin., its life cycle. ,_ktjor

cmpm_-_is sllali be placed on minimizing (hulmge fro.:l crviroimlcnt.ll ilazarus

eucct,utcrud (iuring storage, handling aud transportation. Special attention

shall bc giveu to parts protection procedures bil_ACwill follo,_'to ensure ti_at

program crit [cal lmrdware items are givell,prefereu_ia.[ treatment d,roughout

tile m;ulufac turi ng and logJ.stits pipeline.



rolxcy

As a matter of policy, transportation and handling plam_ng will incorporate

the following guidelines and assumptions:

a. Usu el existing, rather than design oE n¢_,° tr;ulsl)or%.atioa,aild

handLir_g equipment, _,_hcre vrnrtical. ' .

b. Early idc.ntification of any Tug Program ueculiar tr_'nH)ortability

c. bhximt,, utilizatioiL o_ .state-of-the-art [)ackaging sr..atcrials,

):athods, m_d desi.;n._,v;nere pr_ctic;.)l.

d. Special l)rOte_tivc m,:_sttr'.,_for Prog1"::v:lcritical h.lrd_varc.

c. In:p.le_.:c;itatiol_uf il_rt:grated p::ck;:t,i)l!:, J,_u;dliiij,.,;uld tr;ms-

purt;ition fl:nct ion:; uut.Li,c_ in ':"': "0,.,,u-Sl'l)-:i:13 t.o t;_c )_'_xJ);,_a extunt

Pos:_lbl,': ::it|lili CC_t ol.'l.:oct._V,._ ,t'.tti,j,.:l.il_u.:;.

£. Preferential consideration of air transportation, but _c

of other modes wilere,more ef£ective or practical.

g. Appropriate sa£ety provisions for dm_gerous or hazardous

Transportability

Some of the Tug Program it.s Cnssen_)lies, subassemblies, CSE and

spares may be oversize environmental sc,mitive or hazardotts relevant

_0 .......... _ ............. ,"_" _ ;'_,_ "_,3dOS "fia_e_fore.

a transportability analyses shall be performed to ensure that

vehiclehaard_are _ _eir_shi_ng contahiers/£i_tur_ are

desi,,.,.ncd "i'or cff.icicnt irmisi_ortation. Tr;msport:,.bilit)" mmlyscs arc--

p_uvx,,,:t,:_.... to ,.,.,;"r;"",,,.................h-r,h_:,r_, cxmstraints rc_!uircd to select tl'/lllSpOi't ailt|

ha_;dl.in., cquip,;eitt _:nd pri;,ary :rod alternate illotl_s o.f tr0nsportation.

"fit-" ba'_ic i:;_5k5 that are accomplished in the t'fanSlWrt_d)ility cngit_ueritk_;

Process are as £ollows:

a)

b)

Identify potential transportability problem areas and define the

v_.aturc of ti_e constraiitts (oversize, eilvironmcn tally

sens.itive or dangerous).

I)ert'on. transportability analyses to determine trans=

[_ortation in,)act on hardvtare design and preferred n_)thods

for transporting problem items.

//"#/F



, '17"

d.

e,

Prepare transportabJlit)" reports t'or problem areas.

reports will provide the following data:

The -°

1. I)etailed cimractcristics of problem items (size,

weight, C.(;. environmental scnsitivi.ty, h:,zardous,

 tc.)

2. Special packaging, handling _utd transportation ro-

(i u t relncn ts.

3. Ilandling, loatlhlg and tie-do:m methods _ld coi_fig-

uration for proposed transportation n,etl_ods.

l_.welop transportation data for Sl.,ccial items (as required).

Investigate capabilities and limitations of available equipment

and smwice of the candidate modes of transportatten at origin

and destimttion.

_'. l.v;|luatctrau:;port .limitations at mmLuf_mturing assembly, and test5 t Lt2S. J

g. investigate e×isting handlin_ aJ.1_ltr_!nsl._ortationequipment

i,vc_tories for pos.lible use on the Tug Program,

h. Frovidc iuu_dlhL,.; and transportati.o:_ i_r,:,.cdurt::; and in:;tructtons

tie.tiniJig i,leLJlods of .tou,aing, off- loading, sUCtlrillg iuld h;mdli,_f.

problem ite,,,s for shipi._ent.

i. I'ro\'ide tran:qmrtabil, tcy inputs to system and cquipment speci-

f icatio,:;.

J" ik:line the |,atural and induced eltviro, u,v.nLs th;,t hardware will

ClICOIlil _,c1".

k, l)cvctep tr_-msportation and stor;me requirements for hardware

in lo_:ist',cs pipeline.

1. 12evelop rc_iutrements criteria for the design of special trans-

portation equipment.

m. Conduat'trzmsportation tests for oversize items container

designs, as required.

n. Provide transportability engineering st, pport.to l)rogr_:m for

shil_mCnt and receipt of test items and mockups.

o. l-_stablish interface with Design Engi_,',:rin:; early in Pro-_..;,,,_

to r,!inimtze transportability const_'ai_.s.



Transportation and Handling •

An overclll tran.spurtatioa plan, including packaging, l_m_d_ing, trims; _L .

portability, transportation and storage, shall be developed and in_lemented

as a part. of" the total system approach, for the movement and storage of Tug
• o

har_dware. The purpose Of the plan is as follows:

a. Establish an optimt_, s)'stem for n_ving r_teriel/ defining

ti,es)'stcs in such detail that tl,e ilnpact of individual

elcinents o:1 total system cost _md performance can be _tna[yzed.

b. Provide tcc)mical requirements _u_d achninistrativo procedures

for implementing safe toldtimely movement of nuteriol.

c. Providd man;,gemcnt with sufficient visibility of tire Packaging,

ilamlling and trm_portation system to effectively control _(1

Jimnage its implemeatation.

"rrm_sportation tasks _'hich ,_st be accc_lished for develpping and

i,r_ei_:enting m_ effcctivc l, lm_ are as follows:

a, Perform feasibilit)' and cost trace-off studies ill the areas of

packa.o.ing, (:argo i_mdling, tra,_;portation arid storage to

dcvelop the most cost-cl'fcctiw system for the movement of

Tug hardware..,
.

b. I,,tcgrate transportabitity data into traasportation plmming

ql,%.. L._ V .k _,.Ik_.m •

c. Provide ,cute surveys for ox'u,'size irene.

ci. ldcncJf)" ti,e hardw;u'v snipn.cu£s vZ dcscimttio, i _md voluu_ re;"

maxi:m.un consolidation.

c. E_tab[isn trlu%sl)ortntion flo:_ p:,tcerns l[or r.l_odil[l_z'cnt

|1;I z'tB.:az'ecatcgu ties.

f. t._/erm[ne mo:;t feasible _ind eColzu;;_[coliz_t|lods fur LI'¢I|IS[)UI'tilZ.P,

the variot's catcgorius of m:tturE:H in co_%son;,acc with program

sch..'t;u lcs.

g. identify tJ,e shipping docu_ncatation u_ed during shipment.

J_. Identify tmique requirements for special transportation

ectuipnent and services for each shipment.

i. Release. transportability reports reco,=ncnding preferred modes

for potential problem items.



j. Identify ful_ctional r,_ponsibilities for in@lementing the

tro;_portation plan .....

k. _._t_blish .t_af£ic managemoltt procudures lot obtaining tho
J

proper iuu_dling tmd tr._nsportio!_ equipment.

I. Provide procedures for obtaining route clcarm_ces _md over-

wcight/d imcnsio_ml pct_nits.

in.

nw

o.

°

Lstablish traffic management procedures for controlling the

movement of i_ardwarc in transit.

Est_d)lish procedures for interfacing _md coordinating with

cu:_to1:_r tr_msportation agencies.

L_efiz_ethe L)c|x_rtmentof Transportation, NASA, DOD and other federal.

state _und local govenu_ent regulation_ govenlii_g the..Tug.

packaging, transportation and storage activities.

p. ,x,,,iulge_,nd coordinate all movements of ilcav'/, bulky Tug

co:,,poncnts v;ith other _gcncies m_d sul;ervis,: vehicle ioadi,_/o[f-

loadixlg activities.

Preservation, Packaging and Pack'ing.

A _ystcr_ approach shall bc iulplcmcnt_cd for pcrfo_in_nR the acti.vities

asso.-i.:tcd :,'_ththe protcctiou of Tug Vehicle hardware, spares, GSE,

toolii_:.,,and tc.:t _- " •,' ' "_u.Ip,n..llt _,ttz'li_glnovoillent and storage. Centralized

cozttrol sl_all bc provided to eliminate doplication of tasks aud rcduce

distribution costs. Preservation methods,: packagi,g design, _nd level

of protcction _#itt provide reasonable balance between cost and per-

f'onn:u_cc. A description of the tasks follov_:

a. Direct all activities nccc:;saD' to develop ,gad coo_'dinate

prog__ prc._crvation, packaging, m_d pncki_k_l.

b l)cvclop n_d c_sz-.n in-plant a_d intra-pLant i_andtin_,,derides

aild COL_t_tiucrs.

t_. D_vc.kop ;|_I({ i:;3tlC tlU;l'_'ill_S ['Of co_ttai]_-rs, tic-do_,us, loiiiiing

aiul i_a)_dtbk'.',i_str_,.:l._ons,l._art._i_rotcctio_, i,_d _l_IZiti'tiOU5

mato_'i.a[.

d. PrcP,_rc "l>rcprratiu_: for Ociiver7" scdtio_s of SPccific;_t

C. {_k_Ol't|lll'ltc .t),gc_:a'.-',jiL':, [l:_jldljl[p., an_.l tr:_:_':,oft:It[on mattc_'s

V



f. Develop m_d n_dntain l'a_'_af, in;_, m)d Prcsgrvation sections o_'

Tra:_sportation Plan for the Tug Program.

g. Commct traiaing courses oq packaging procedures for field

szation preservation and l,ackaging vcrsonnel.

h. Develop mm issue material and process specifications,

i, In.terrace _tth _.laintainabitity aa¢, ;:h_intenaace Analysis for

detailed preselwation mid packaging requirements.

j. Prepare and release ia-plant packaging and handling instructions.

k. ._k_nitor subcont.ractor ;rod vendor packaging activities.

I. t:oordin,tte Fackaging designs aad instructions with cuginoering

and operation:_ per_ommI.

,n. Identify and prt)vhie special instructions for h:_ndling, sMpmcnt,

and -.'toragc og program critical and hazardous hardware, suci, as

t:ocl,cL motors. Itelcasc S_,ccial Protection Itcms List (SPIL)..

n. _ml),ze environmcntal hazards cncountcrcd iu hm_dting, trmm-

portilk_:, ant, storin!, imrdwate .in logi:_tic:; pipclinu.

o. L'cvclop and ccsi,,.,.n ligng-wei.ght containers for flight i:ardwarc,

gl)'-;:way kits, and test sul_port tylui|:ment.

!'. Prepare a Stora.p..e Phm defining tevels of protcction for tcmpuraxy

and long tcr,, storage.

t hcs,: [_cLqs presenting unu:mat transi,t_rtation aad imndliug

i; l'ei> h:1,_S.

r, [aitiatc Packaging, llmulling, and 'l'ransl.',ortatiOn Record (PII'IR}

for l,rogr_m critical alid high cost iLcr.,s.

s. I_ct_.aSc in_ructioas fur: i_aptcmc_t_iag NASA Zero.-l):uaagcs-_m o

L:,a.iivery (ZIX)I)) Prosu'url.

t. I_clcasc special inst_ctions for mar'kin,,', critical m_d dangerous

,uttcr i ;1Is.

u. i_,w,:h> 1, packaging, i_andling, and traltsportat.[Ol_ records (PHTR)

per ?._il:C-S'fl)- ._.13.



'l'ralsportation Modes, Matrix m_d Cost Methodology

. The two major modes of transportation planned for the Tug Program are (1)

air and (2) truck. The air mode will emplox Guppy aircraft to transport a complete

tug and commercial airfreight or US Air Force Cargo aircraft to transport Tug

hardware elements of lesser size than the complete tug. The air mode will be used

primarily for long distance movement and the truck/transportation mode will be

employed for short distance/local movement requirements. A transportation matrix

showing the type of interfacility traffice is shown in Figure ii._.3-5. The

transportation cost methodology is shown in Figure 11.4.3-6 and 7.
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11.5 Facilities

This section describes the manufacturing and test operations and Tug

processing facility requirementts with cost data used in trades.

6.11.5.1 Manufacturing and Test

Manufacture and checkout of the Space Tug will be accomplished at the McDonnell

Douglas Astronautics Company, Huntington Beach, California, facility.

The Huntington Beach facility was planned and designed from inception to

provide fully integrated facility capabilities for space vehicles. Its

buildings consist of engineering and administration offices, a Systems

Integration Laboratory, Structural Test Laboratory, Space Simulation Laboratory,

Production Test Laboratory, _ Manufacturing and Assembly Building, Insulation

Building, Final Assembly and Checkout Building, and other service and support

buildings.

Maximum utilization will be made of the existing MDAC and government owned

facilities used on the Saturn SIVB Orbital Workshop and other programs in

the development and production of the Space TUg. This will include but not

be limited to such MDAC facilities as the existing machine shops, sheet metal

shops, process shops, electrical/electronic fabrication and assembly, and

supporting inspection and test laboratories.

A preliminary list of additional facility requirements identified at this time,

for each of the configurations are shown in Table ll.5.1-1 along with ROM

cost and procurement lead time estimates.

Production testing (and checkout) will be done at Huntington Beach in existing

laboratories of the McDonnell Douglas Astronautics Company facilities. These

laboratories, designed and used for space vehicles, will require little or

no modification for use in the Space Tug Program.

Ve_io±e F_V tests will be conducted in test cell J_ of the AEDC facility at

Tullahoma. Test cell J4 provides an altitude simulation capability lacking

in the test facilities at Huntsville. Thermal tests of the vehicle will be

accomplished in the NASA High Vacuum facility utilizing an existing scaled
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down and instrumented tank that will fit the 15 foot diameter chamber. These

government facilities are available at no cost or at a nominal fee depending

on the using agency (see Table ll.5-1).

11.5.2 Operations Facilities

The requirement for Tug launch facilities at ETR eill be satisfied with

constuction of one new building 11.5.2-1, by modification and refurbishment

of existing buildings and by use of Orbiter facilities that can be expanded

or adapted to include Tug service (Figure 11.5.2-2)

At WTR, construction of a new Payload Processing facility (Figure 11.5.2-3)

together with use of programmed Shuttle facilities expanded to satisfy Tug

needs will provide the support required.

11.5.3 Facility Costs

A tabulation of these facilities' status and cost is presented in Table 11.5.3-1

and in Facility Description sheets.

1 / -3.-_ o
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Ground Support E_u_.,en, t (._E)

The results of the _E task include the detailed definition of the GSE.

qmmtities, price, develOlment schedule, and GSE at each location for factory.

Eastern Test Ran_ (KSC)and Western Test Range (VAFB) which are required

to support both _SA and DOD Tug missions. It also incl_ies a definition

of equil3nent that is Go_t Furnished Equilment (GFE)_aleh is

&va/Aable _ the S_turn and Delta progrmn that is usable for Tug.

(2)

(3)

(k)

S.t...udylPro_rma Ob.1ect .Iv.es

The overall studT/progzam objectives whlch relate to the GSE and sottvare

tasks are to:

(i) Lov design, develol_ent, test and evaluation (DDT_E) foe GSE and

software for Space Tug capability.

Reasonable turnaround and checkout ph:Ll.osphy.

F1ex_hle GSE to _heckout many configurations of Tug/sl_cecraft.

Utilize GFE as much as possible to reduce overalA cost and not

desrade checkout.

_th____o!oF_ f,or Development of _,E, and Soi_vare

The meChodolo_ for defining the GSE and sol, rare required for each op_lon

_ v_s de£ined as _aiXo_.

(1) Utilize the f_cione_ flovs to establish equ_ent-loc

h___-_a___s_ is rec!ui_ red.

(2) Utilize vehicle hardvare description to establish type of GS_

_ulred to checkout vehicle.

(3) Utilize vehicle function list, schematic, and _nstrumentation list has

established n_ber of functions across vehicle/OSE interface and number

of ftmc_Y_ns to be monitored.

(_) Sized the G_E to percentage of existing GSE from similar programs -

Saturn, Delts_ and Sk_lab programs. Developed GSE hard.re

descriptions' The costing personnel then took act_ cost for GSE

hard.are descriptions.



(6)

(7)

(8)

(9)

(I0)

(12)

Established a checkout philosop_y similar to the Airline n_ho_

of checkout using trend data fr_ previous missions.

Defined all interfaces and equipment required to checkout their

interfaces and developed hardware description for the C_E.

Developed factory, Tug Frocessing Facility, Pe_lc_d Prong

Facility, Orbiter Maintenance and Checkout, and launch pa_ checkout

and C_E block diagrams. Developed AEDC and Inte_ted Avi_c_ Te_t

flows and block diagrams.

Developed schedules for development of GSE and software.

Developed software development and operation task flows.

Define all software progress required for checkout, _.tutenance,

and support programs.

Software personnel sized each program defining n_enber__L_ofn_ry

required for each program. Multiply the memory wards times a certai_

dollar rate establish the cost for development of that pr_gr_n. The_e:

programs were then compared to similar programs on the Delta program

to establish confidence in our software numbers develope_forthislxr_gram.

Sustaining was established by sizing the number of memory words tha_ would

change as the vehicle configuration changes. The same iter_tive process

was utilized. In some cases a percentage was utillzedb_c_u_softw_r_

personnel best Judgement and experience from developing sol_ware

on similar programs under contract to MDAC.

We review the GFE from other programs and establish q__es, and t_pe

_vailable for use on the Tug program.

T_Checkout Philosophy

A. Factory Checkout (post-manufacturing)

1. Tug/GSE Interface Test and Continuity Test - The e_cal

interfaces between the Tug and C_Ewillbe tested_o _ thatthe

proper impedance exists looking into the Tug. (The _wiI1 be

checked for proper operation by appropraite self-test procedures..)

The Tub's wire-harnesses will also be continuity teste@tal_ve

correct wiring and electrical conduction. These tes_wiLIhe completed

before power is first applied. Purpose of these tests is _ minimize

J
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the possibility of vehicle damage due to wiring anomalies durin8

the ensuing power-on testing.

Subsystem Testing - This phase of the testing iu_ulves any calibration

of components on the Tug that must be acconEd/she_ before power.-is

turned on. Power is then applied to vehicle buses ancL independent

subsystems sequentially energized-and verified for prope_ pc_/er.-

consumption. Additional calibration of certain Tu_ cumponents may

take place at this time.

Independent testing of each subsystem follows with tests designed

to detect failures of out-of-tolerance conditions dawn to the

Line Replaceable Unit (LRU) level. Individual _ements will

use the smallest tolerances which can be reliahly m_ed which

indicate the proper function of any component. These tolerances

genera//y correspond to the tolerances stated in the component

specifications plus a_ measuring system unc_l_ f_ure.

In some cases, complete subsystem checkout cannot be accomplished

during post-manufacturing testinE because of the nee_ for extraordinary

conditions invoiving er3-oEenic t_-_'perat"_e-s_ ___llan_ flow, engine

ignition, hypergolic fuels, etc. In such circumstances, tes%_ng

,411 _p -_eomplished to the greatest extent possible using simulators

and/or software simulation techniques. It is possible that pre-assembly

testing of these components under proper conditions must suffice

until prelaunch conditions provide the necessary environment for

final component validation,

System Testing - 0nee all calibration and subsystem tastinE are

complete, a system test in which all subsystems are turned

on and operated together will be performed. Special real-time

and off-line data analyses will verify that no incumpatibility

or interference situation exists. A generalized fli6ht sequence

will be followed during this test.



Additionally, this test will provide a time for preliminary

flight software to be loaded and partially validated.

For a selected number of early Tugs, an EMC test will be run

in conjunction with the system test in order to obtain

sufficient data to determine effect of electromagnetic

radiation.

Measurement tolerances for system testing will not be as

severe as those used for subsystem testing. The intent in

this case is to use the measurements to indicate proper operation

of total subsystems rather than individual components

or LRUs. Fault isolation during system testing may use

tighter tolerances, however.

B@ Launch Site Testing

The testing which a Tug receives at the launch area is essentially of

two classifications. The first class is the normal scheduled

maintenance and checkout which each Tug receives after each mission.

The other class is maintenance and checkout which was not scheduled

and is done because of data received from the Tug during flight.

This data may indicate hard failures or may provide additional

data points from which trend analysis can show imminent failures.

(Similar to Airline checkout philosophy).

1. Testing on Tugs which have Just returned from a mission - These

tests are performed in the Safing area and consit mainly of a

test of the fuel cells (program Option 2 and 3F only) before they

are deactivated. The Tug goes next to the Tug Processing Facility

where scheduled and unscheduled maintenance is performed,

re-validation checks are made, calibration and testing of the schedule

calibration items is done, and an "all systems test" is run.

Measurement tolerances for these tests are similar to those of the

corresponding tests done during post-manufacturing checkout,

taking into _ccount any differences in measuring systems.
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When this testing is complete, the Tug m_r _ into _ a_l_ra&_

area for an indefinite length of t_e _ it m_ _nt_nue:

processing for immediate launch.

For those Tugs continuing proce_, %hm n_ _ _

generally be the Spacecraft Nat_a_ Fa_L_ty vhere the T_

payload is installed. Checkout here _L_ _ive felting ot the

T_ hardvare and the interface _ _ th_ lmyl_ad.

The next test area is the Tug-Or_iter Ma_ F_ty.-where the

is placed in the Orbiter cargo h_ an£ _cal_ mated_

It is recognized that some launch sit_-_ _ require

T_-Orbiter mating on the launch pad, T_ che_ou_ p_ed.

in either situation is identical. The _ snf_a_ fur both

the Tug and Orbiter-Tug checkout _ w_L_ be _ an_

_a_idated after mating. The Or_ter-Tu_ _a_e _ also-be

functionally validated,

0

Final Tug hard_are and sof%_ vaiidat£om w_l Qc_r c_ .+he

pad with a Simulated Flight Teat in _ni_h _ ELi_h_ software

And _ _integrated vehicle can together be ume& in a simulated

flight situation. Checkout tolerances _ be__e_n

flight except in certain cases vhere the ground computer

intervenes with special checkout or fauI_ i_lation routines..

This flight test is followed _ propellant _a_ading and the

final countdovn. These procedures involve a certain amount

of testing to insure proper loading, _ _eadiness,. etc,,

hoverer, the testing is min_nal an_ use_ meemuremen_ tolerances

vhatch indicate go-no go situati_ns rathear th_n. detailed

component calibration information. This s%_us monitoring-is done

through umbilical wiring, dov_ink readouts_ end. possil_ a.

direct computer memory access capability,

Testing Tugs after storage - Tugs ent_ storage were.

essentially ready for payload mat_u_, hu_ ber_e c_ the

calibration drift which occurs with time, a _ csI_ration and

//-d,a ?



verification cycle, including individual subsyste_ tests and the

final all aystems test, must be accomplished in the Tug

Processing Facility before payload mating. The subsystem tests

are necessary because subsystem data from the last flight

may no longer reflect the true Tug condition. These subsystem

tests will generally be identical to those used in post-manufacturing

chec,out except for differences made necessary by the checkout equipment

and facilities.

@ Testing on New Tugs - These Tugs enter the Tug Processing Facility

and receive calibration of those devices which require it prior to

each launch. An all system test is then performed and the Tug

continues the launch preparation process.

It is assumed that new Tugs have Just completed post-manufacturing

checkout and therefore do not need full calibration and subsystem

testing. If there is any delay which exceeds calibration time limits,

a new Tugmust be treated as if it had been in storage and undergo

full calibration and subsystem checkout.



OSE - Optlon Summar_

Option 1 Features-

(a) GSE is sized for fleet size of 13 vehicles for cradles, covers and

transporters.

(b) Guidance and Navigation checkout equipment GFE from Delta program.

(c) Battery checkout GFE from Saturn program.

(d) Factory GSE is shipped to VAFB to become launch checkout equipment

for one pad. Feasible since schedule delivery of 13 vehicles allows

enough time to accomplish this.

(e) Provide only one pad of GSE at VAFB since launch rates are low from

WTR and one set of hardware can support program la_ch rate from WTR.

(f) Utilizes maximum GFE from Saturn program where possible to support KSC.

Option 2 Features:

(a) OSE is sized for fleet size of 13 vehicles for cradles, covers, and

transporters.

(b) New Guidance and Navigation checkout equipment is required.

(c) New fuel cell checkout equipment is required,

(d) New laser radar checkout equipment is required.

(e) Factory GSE is shipped to VAFB to become launch checkout equipment for

u._ V_d. __a_.._ since -ohedule..... delivery of 13 vehicles allows enough

time to accomplish this. " -

(f) Provide only one pad of GSE at VAFB since launch rates are low from

_TR and one set of hardware can support launch rate fromWTR.

(g) Utilizes maximum GFE from Saturn program where feasible to support KSC.

Option 3 Initial Features:

(a) GSE is sized for fleet sizesof five vehicles for cradles, covers,

and transporters.

(b) All other features are the same as option i.

Option 3 final features:

(a) OSE is sized for a fleet size of nine vehicles for cradles, covers

and transporters.

_b) Features are the same as option 2 except two pads of GSE and provided

at WTR and factory set is available for depot maintenance or future

production. In options i, 2 and B initial the factory set of hardware



has been deployed to VAFB as the launch checkout equipz:,ent. In option

3 you attain low DDT&E during the initial phase and still have GSE

developed durln_, the fJn_l configuration to support _l_ly eonfil_uratlon

checkout and testing turnarou_nd rate. The factor 7 set can be

utilized for modification and development of future ch_nges or be moved

to the launch slte to enable faster turnaround at: either KSC or WTR

as the situation warrants the higher launch rates.

°



11.6.2 GSE Description Sheets

All GSE Description Sheets can be found in A_pendix E, Section ii.IO.

11.6.3 Alternate Site GSE

Alterna_ e Sites were eliminated by groundule and thus this section is not

applical ,le.

/



11.7 Maintenance/Refurbishment/Checkout

Refurbishment/ReusePhilosophy

The refurbishment/reuse analysis is an essential part of the development

of a reusable space tug - one which is capable of performing the required type

and number of missions with the minimum DDT&E, Production and Operations costs.

The cost of reuse primarily depends on the magnitude and frequency of

refurbishment requirements and the fleet size to which they are applied.

Therefore, a basic objective of this analysis is to determine means of

minimizing the refurbishment requirements over the program life. Reusability

is expressed as the number of reuses a Tug can achieve begore reaching a

point at which the original reliability level cannot be restored on the basis

of technical or economic feasibility.

The MDAC refurbishment/reuse philosophy considers the Tug vehicle and its

subsystems capable of operating throughout the program life with refurbishment/

replacement of subsystem life-limited components as required. This philosophy

is based on the premise that the structures subsystem is the primary consider-

ation in determining an optimum number of reuses• Structures analyses reveal

no life limitation for this subsystem and include an evaluation of flight and

ground stress loads, fracture mechanics and structures materials. The other

subsystems-Thermal Control, Avionics, Propulsion and Orbiter Interface are

not life limited at the subsystem level; however all subsystems will experience

scheduled and unscheduled maintenance (M) and refurbishment (R) at the assem-

bly, component or lower levels of detail during the the life ofthe Tug

program. Table ll.7-1 summarizes the Tug subsystem life limitations.

Each subsystem of all program options was examined to identify its maintenance I

refurbishment characteristics requirements and associated costs per refurbish-

J merit and over a spectrum of 20, 50 and 100 reuses. These data are shown in
/ .', . - ..

/ Tables 11.7-2 through 11.7-21. The maintenance/refurbishment cycle

functional flows are shown in Section 11.3.3, the time lines are contained

_n Section ll.B.6 and the task descriptions together with the GSE and man-

power requirements are documented in Section 11.3.7.



The number of reuses for subsystem, components was derived from:

• Analysis of Tug subsystem and components

• Component manufacturer's recommendations regarding service life and

refurbishment criteria in terms of operating hours and cycles. _

• Reliability predictions

• Engineering _udgement based on experience with similar equipment

designs.

Increasing the number of missions before refurbishment (reduci_ refurbishment

f_equency) impacts the DDT&E investment by establishing a requirement to;

• Develop/test long life components

• Develop/test high reliability components

In sugary, no life limitations are evident at the Tug vehicle and subsystem

level; however, there are components with limited life at WBS level 6 and

below. These life limitations together _lth the associated refurbishment

criteria, frequency and cost are shown in Tables ll.T-1 through ll.T-21.

Tug Checkout Philosophy

A. FACTORY Checkout (post-manufacturing)

1. Tug/Gsg Interface Test and Continuity Test - The electrical

• ----- .... _-+_--.. +h_ __ a_ r.qv. v411 be tested to verify

that the proper impedance exists looking into the Tug. (The

GSE will be checked for proper operation by appropriate self-

test procedures). The Tug's wire-harnesses will also be

continuity tested to prove correct wiring and electrical

conduction. These tests Will be completed before power is

first applied. Purpose of these tests is to minimize the

• possibility of vehicle damage due to wiring anomalies during

the ensuing power-on testing.

2. Subsystem Testing - This phase of the testing involves any

calibration of components on the Tug that must be accomplished

before power is turned on. Power is then applied to vehicle

buses and independent subsystems sequentially energised and

verified for proper power consumption. Additional calibration

of certain Tug components may take place at this time.

J
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Measurement tolerances for _ystem testing will not be as

severe as those used for subsystem testing. The intent in

this case is to use the measurements to indicate proper

operation of total subsystems rather than individual components

or LRUs. Fault isolation during system testing may use

tighter tolerances, however.

Launch Site Testing

The testing which a Tug receives at the launch area is essentially

of two classifications. The first class is the normal scheduled

maintenance and checkout which each Tug receives after each mission.

The other class is maintenance and checkout which was not scheduled

and is done because of data received from the Tug during flight.

This data may indicate hard failures or may provide additional

data points from which trend analysis can show imminent failures.

i. Testing on Tugs which have Just returned from a mission - These

tests are performed in the Safing area and consist mainly of a

test of the fuel cells (program Option 2 and 3F only) before

Zhey are deactivated. The Tug goes next to the Tug Processing

Facility where scheduled and unscheduled maintenance is per-

formed, re-validation checks are made, calibration and testing

of the scheduled calibration items is done, and an "all sys-

tems Zest" is run. Measurement Zolerances for these tests are

similar to those of the corresponding tests done during post-

manufacturing checkout, Zaking into account any differences in

measuring systems.

When this testing is complete, the Tug may go into a storage

area for an indefinite length of time or it may continue

processing for immediate launch.

For those Tugs continuing processing, the next test area will

generally be the SPaCecraft Mating Facility where the Tug pay-

load is installed. Checkout here will involve testing of the

Tug hardware and the interface which supports the payload.



Independent testing of each subsystem follows with tests

designed to detect failures or out-of-tolerance conditions

down to the Line Replaceable Unit (LRU) level. Individual

measurements will use the smallest tolerances which can be

reliably measured which indicate the proper function of any

component. These tolerances generally correspond to the

tolerances stated in the component specifications plus any

measuring system uncertainty figure.

1

In some cases, complete subsystem checkout cannot be accomplished

during post-manufacturing testing because of the need for

extraordinary conditions involving cryogenic temperatures,

propellant flow, engine ignition, hypergolic fuels, etc. In

such circumstances, testing will be accomplished to the greatest

extent possible using simulators and/or software simulation

techniques. It is possible that pre-assembly testing of these

components under proper conditions must suffice until prelaunch

conditions provide the necessary environment for final com-

ponent validation.

System Testing - Once all calibration and subsystem "--'_--_._.._

are complete, a system test in which all subsystems are turned

on _d operated together will be performed. Special real-time

and off-line data analyses will verlf_y_%hat no Inuomp_y_Bi_ _

or interference situation exists. A generalized flight

sequence will be followed during this test.

Additionally, this test Will provide a time for preliminary

flight software to be loaded and partially validated.

For a selected number of early Tugs, an EMC test will be run

in conjunction with the system test in order to obtain

sufficient data to determine effect of electrom-gnetic

radiation.

..



The next test area is the TOg-Orblter Mating Facility where

the Tug is placed ih the Orbiter cargo bay and electrically

mated. It is recognized that some launch situations will

require Tug-Orbiter mating on the launch pad. The checkout

performed in either situation is identical. The flight soft-

ware for both the Tug and Orbiter-Tug checkout computer will

be loaded and validated after mating. The Orbiter-Tug inter-

face will also be functionally validated.

J

o

Final Tug hardware and software validation will occur on the

pad with a Simulated Flight Testin which the flight software

and an integrated vehicle can together be used in a simulated

flight situation. Checkout tolerances will be those used in

flight except in certain cases where the ground computer

intervenes with special checkout or fault isolation routines.

This flight test is followed by propellant loading and the

final countdown. These procedures involve a certain amount

of testing to insure proper loading, flight readiness, etc.,

however, the testing is minimal and uses measurement tolerances

which indicate go-no go situations rather than detailed com-
e

ponent calibration information. This status monitoring is done

through umbilical wiring, downlink readouts, and possibly a

direct computer memory access capability.

Testing Tugs after storage - Tugs entering storage were

essentially ready for payload mating, but because of the

calibration drift which occurs with time, a full calibration

and verification cycle, including individual subsystem tests

and the final all systems test, must be accomplished in the

Tug Processing Facility before payload mating. The subsystem

tests are necessary because subsystem data from the last flight

may no longer reflect the true Tug condition. These subsystem

tests will generally be identical to those used in post-

manufacturing checkout except for differences made necessary

by the checkout equipment and facilities.



. Testing on new Tugs These.Tugs enter the Tug Processing

Facility and receive calibration of those devices which

require it prior to each launch. An all systems test is then

performed and the Tug continues the launch preparation process.

It is assumed that new Tugs have Just completed post-

manufacturing checkout and therefore do not need

calibration and subsystem testing. If there is any dele_y

which exceeds calibration time limits, a new Tug must be

treated as if it had been in storage and undergo

calibration and subsystem checkout.



Table ii.7-1 (Sheet 1 of 2)

TUG SUBSYSTEM LIFE LIMITATIONS

Subsys t ems/Component s

Structures

• Fuel Tank and Support

• Oxidizer Tank and Support

• Body Structure

• Thrust Structure

• Meteoroid Shield

• Payload Interface

Thermal Control

• Fuel Tank Insulation

• Oxidizer Tank Insulation

• Insulation Purge

Avionics

• Data Management System

• Guidance, Navigation

and Control

• Communications

• Instrumentation

t

• Electrical Power

• Power Distribution and

Control

Propulsion

• Main Engine

• Main Engine Support

• ACPS Engines

• ACPS Engine Support

Life Limiting Factors

None Evident

None Evident

None Evident

None Evident

IMU req_[r,,,1 r'uihu'bishment after

2,000 hours

Tape recor(h,rs require refurbish-

n,n,t after 1,000 hours

None Evident

Pr[=_ry Power and TVC Batteries

are expendable -- Replaced after

each flighL. Fuel cells require

replacement after 5,000 hours.

None Evident

Category I and IIA RL-10 Engines

require refurbishment after

5 hours and/or 190 starts

None Evident

Mono-propellant thrusters require

catalyst bed replacement after

_,000 seconds burn time

None Evident

s/- JU -O



Table 11.7-1 (Sheet 2 of 2)

TUG SUBSYST_4 LIFE LIMITATIONS

_bsystems/Components Life Limiting Factors

None EvidentOa_lt er Interface

• Structures

• Interface Panels

• Abort Provisions

C

/
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11.7.1 Maintenance Levels/Planning

The MDAC Space Tug Maintenance (M) Refurbishment (_) Concept minimizes M/R

requirements while maintaining a satisfactory degree of launch on time proba-

bility together with the required level of subsystem reliability to assure

missions success. It is patterned after the commercial airlines "On Condition

M_Intenance" philosophy whlch monitors subsystem health and thus precludes

unwarranted maintenance and refurbishment on subsystems, assemblies, and

components which are functioning properly. Subsystem health is monitored by

a combination of the following techniques:

a. Operational instrumentation data consisting of subsystem

performance measurements which are telemetered during flight

via ground link.

b. When the Tug is out of range of a ground tracking station,

these data are recorded on board for later transmission.

c. Post Flight/Receivlnglnspection

d. Automated subsystem checkout (ground) of those performance

characteristics not readily adaptable to inflict monitoring.

e. Use of onboard checkout capability for fault detection and

isolation.

Fundamental to this concept is the definition of subsystem line replaceable

units (LRUs) to the lowest feasible level and the ability to fault .isolate

to that level. The basic repair philosophy is the replacement of LRUs and

requires a maintenance/refurbishment analysis that considers repair vs

throwaway and the optimum level of repair of LRUs. A system of rotable

spares will be employed whereby a faulty LRU is replaced at the launch site

with a servicable item from the spares inventory. The faulty item, if

repairable, is returned to the factory/depot for repair and is then rotated

back to the launch site inventory. This approach combines Bench/Shop

Maintenance and Depot Maintenance thus eliminating redundancies in high

dollar value GSE. The factory/depot repair schedule is maderesponsive to

launch site operations requirements.

The Maintenance/Rel_rbishment (M/R) technical approach/methodology is not

sensitive to individual Tug configurations; however, the cost of an M/_

cycle and depot maintenance will vary with different configurations. These

variations have been expressed in the M/R inputs to the cost model for each

configuration in terms of Manhours/(M/_) cycle, equivalent units of production

J



hardware for operational spares and depot maintenance cost as a percentage of

avere_e subsystem hardware cost.

The definition of maintenance levels, _intenance planning methodology and

the development process for maintenance procedures and a complete maintenance

program is contained in Appendix B.



11.7.2 Impact on Turnaround Cycle

The failures risk analysis and spares planning data discussed in Section

6.11._.i have provided unscheduled maintenance predictions and indications

of the magnitude of launch risk.

Table 11.7-22 shows the unscheduled maintenance man hours (_) expected as

an average for a Tug turnaround cycle. These man hours are for LRU replace-

ment and checkout in the Tug when the work is done in the normal maintenance

and refurbishment cycle. The down time is a function of manloading by the

particular skills required. The use of highly reliable space qualified hard-

ware and proper qualification testing is essential to achieving a Tug design

with this low maintenance man hour capability. Figure #_7-/ shows a

probability distribution for this unscheduled maintenance. The 90th percentile

value indicates the total _4H expected not to be exceeded more frequently than

i0 out of i00 maintenance and refurbishment cycles.

Predictions have been made for the risk of an anomaly occurring in the Tug

equipment during the period of integrated systems test and servicing prior

to Shuttle liftoff. (Ref. functions 2.1.7 through 2.4.4 as shown in FFD,

Section 11.3.3). The total risk for each subsystem was divided into un-

reliability (risk of liftoff with a degraded component) and risk of pad

loadout. The Tug risk of pad loadout is a function of subsystem verifica-

tion capability (risk of failure x % testable). The risk of pad loadout

prediction is 5 per i00 launches. The peak risk period is during Tug ser-

vicing, resulting from the operational stresses applied to instrumentation,

fluid systems and activation of subsystem equipment Just prior to launch.

The unreliability at launch prediction is * probability,* unreliable Tugs per

i000 launches. This risk represents the share of prelaunch anomalies present

which are not detectable by the verification process. This low value represents

the high verification capability expected from the combined Tug and Orbiter.

A trade study was conducted to estimate the effect of reduced maintenance time

on these predicted performance values. An evaluation was made for each

mOptlons I and 3I only. Unreliability is 0.010 probability, I0 Tugs per

i00 launches for Options 2 and 3F.
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function to estimate the effect of reducing test hours vhich in effect vould

reduce the probability of Finding t_tt_ty equipment eely in the maintenance

and refUrbts_zzent cycle. The l_nctlons, tots1 times and mlni_ considered

l_tenttally Feasible a_e shorn in _ble 1£.T-23. In each case the results

o£ tie reduction In one t_nction v as ewLtuated For its effect on later functions.

Vlth these reductions It is estimated to increase risks o_ pad loadout by 2_

and launch unreliability fivefold.

The increase to a3Wmost Five unreliable Tugs per 100 flights indicates that a

serloud nan hou:reductlon (31_) is not cost e_ecttve. CarefUl analysis

during design development may deter_tne cost savings available In test ttne

or equil_ent utilization to provide cost sawlngs vithout increasing un-

reliability.
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11.7.3 Effect on Logistics

The Logistics technical approach/methodology is not sensitive to individual Tug

configurations; however, the costs associated with the dollar value of •

logistics inventory will vary with the design complexity of different @on-

figurations. The transportation costs are indirectly influenced by configura-

tion, but only as a function of Fleet size. The training and inventory control

and varehousing functions are relatively insensitive to configuration differences.

Variations in dollar value of the logistics inventory have been expressed in

the Me/ntenance and Refurbishment inputs to the cost model.



11.7.4 Tug/Payload Integrated Checkout

The Tug/Payload Integrated Checkout will be performed as follows at the

locations indicated.

TPF

i. Connect payload simulator to Tug and verify wiring and electrical

load inputs using Tug Data Management System.

PPF/TPF

1

2.

3.

Perform continuity check on Tug prior to mating with payload.

Mate payload with Tug.

Radiate payload through Ground Telemetry Station and readout

telemetry.

MCF

l.

2.

3.

to

Check electrical interface between Shuttle and Tug payload.

Load software into Mission Payload Specialist's console.

Perform integrated systems test with payload, TUg and Shuttle all in

the loop.

Radiate telemetry to Ground TM Station via either open or closed

loop and readout telemetry.

.+



2.1.7.5 Onboard vs Ground Checkout -- Progra_ Option 1 and 3X

SUmmARY

Onboard checkout is cost effective, even though the operations benefits are

zero, the large manpover required due to the large man,over requirements

necessary to support the Tug/Shuttle function at the launch sites. If the

Shuttle/Tug functions veren't a constraint, there vould be an even greater

savings due to the additional personnel required at each TPF and launch site

to operate the additional GSE.

A

Other advantages of onboard checkout not reflected in the cost estimates

include:

&.

b.

Ground and mission flexibility and reduced Tug dependence on the Shuttle.

Less cost impact to changes (ECP's) that affect the Tug vehicle and

A _LL hAAS• • _LA_kb _AA _ 6 aUbm _& _o

The OSE description sheets define the additional GSE required and their

associated costs vhich total _9.6_4M of vhich 3.08 is additional DDT&E cost.

The vehicle cost consists of developing a self-checkout capability in the Star

Tracker, additional viring and the addition of (4) _4U's. The Built-In Test

Equipment consists of self check capability in the Signal Conditioning Unit,

Response Unit and Remote Multiplexer and a manual self-check capability in the

Data Control Unit and System Control Unit. Additional checkout softvare are

al..o required.

The MDAC onboard checkout philosophy utilizes the vehicle DMS system and ,

checkout softvare to perform functional vehicle checkout and fault isolatio:.

//-3



to the LRU level with minimal GSE support. The onboard checkout capability is

achieved through a combination of built-in/centralized test equipment. The

requires access to those parameters required to support inflight redundancy

management. In flight redundancy management refers to the process of fault

detection and isolation to the level at which redundant components can be

switched. "Checkout only" pars.meters are those required to fault isolate to

the LRU level. The definition of "checkout only" parameters is a function of

the actual flight software logic and is therefore rather subjective at this

time. The "checkout only" parameters would also be available in flight but

software is not included in our estinate to perform in flight fault isolation

to an LRU level unless required to support redundancy management.
r

The degree of built in versus centralized versus ground test equipment is

dictated primarily by existing designs, feasibility, effect on reliability, and

development cost.

The increase in vehicle cost is due primarily to the development of BITE

particularly in the _4Swhich is a new design. The cost of additional

interface channels is negligible since these units must be developed in any

case and the parameters normally exist on test connectors although some

additional signal conditioning may be required.

The increase in veight is due to the additional DMS interface units required less

the additional wire required to route the checkout parameters to these connectors

panels. (NOTE: Test connector panels ms. not be required for some electronics

boxes since access to the box test connector may be available in the forward

skirt.)



C.) O- 0_. _ _ o



GSE DESCI-_IPTION SHF.k_

NAME: CO:..'MAND RESPONSE U_._IT EDUIE4FI:T IIC).

'_.*', ?,'_ " . ¢"t_ ,_JtlCTIONAI, ._.....UIR. _:I_(,,).

This uni% shall gcnerat@ hardllne stimuli for testinF. Tu_ hardware and vil_ b_

able to transfer Tu= signals from the .eh/_ to the dIKital portion of the GSE

checkout systzm.

_Y4UIF,_ENT D_ISCRIPTIOII:

This unit is composed of 2 SCUs, 8 PCUs, 2 DCUs, 16 P_.?Js, 40 connectors,

¢er_inal board assemblies, aP_ 9500 wire terminations. Slm/lar to DSV-hB-130.

$ 1.050.000

$ _3o,ooo

EQUIP]:EI:T CATEGORY :

NI_-; X

]ST YEAR REQ'D

EQUII';.IEI;TUTILIZATION :

FUIICTIO::AL

FLO:$ BLOCK

NUM.._ER

MODIFIED

(DEVELOPMenTCOS_)

(_IT cosT)

AS IS _0% of DSV-4B-130

NI2._PiR AVAIIABLE

LOCATION NI_.(.[_FR

REOUI RED REO.UIRED

_R (_F) 1

i.

1

i.

1

1

TOTAL RI:.QUIIL%D 6

Era (LAIZ.ICH PAD)

(_F)

wm (Z.A_CHPAD)

FACTORY

TOTAL COST $ 2,430,000

//-.9 _'t,



GSE DESCI'.!PTIO:!SHF.L'T

PROGRM40PTIO::I 1em.____d_3__[

RAME: GRO_D EQuIPment. TEST SET • E_.UIF,4_'TNO.

Ft_;CTIONAL RE:.UIR_._:_-(S) :

Tg.e Ground, Equipment Test Set shall provide an overall cheek of the GSE system

when the Tug is not connected. The test set shall verify the satisfactor_

operation of that portion of the GSE not verified by self test programs.
, ,, ,

i ,, ,

EQUI_4E:;T DSgCRIPT!C:;:

I patch panel (i000 pts), 35 connectors, test point panel (200 TP), terminal
|, ,,

board assemblies and 8500 wire terminations similar to DSV-4B-132,

$ i_660,000 (DEVELOPMENT COST)

• 373,000 ('_ _._)

EQUIPME;:T CATEGORY:

NEW x MODIFIED _ _ AS IS 30% of DSV-4B-132

IST YEAR REq'D I_RJ_._ER AVAI IABLE

EQUII';-|EliT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_4BER

LOCATION

REO.UIRED

ETa {LAV.;CHPAD)
, •

.,_R (LAUNCH PAD) I .

weR (zeF) 1

,,(zeF) . , 1

I

FACTORY 1

TOTAL REQUIF_ED 6 TOTAL COST $ _.3,898,000

F2



GSE DESC!:IPTION SHE>7_'

Y_U_Y_._ _:':_:i _I.%d 5-_

NA!._: INTERFACE Jbq:CTION BOX EDUIE4Pq:T IIC}.

FU_ICTIONAI..n..-.._UIREI_'I.'T (_) :

This unit provides vehicle circuit pro_ection and the patching interface

between the Tug and the GSE.

}_UI_:ENT DE_CRIPTION:

bay Junction box consisting of test point panels_ fuse and circuit breaker

panels, patch panels, and terminal boards. Similar to DSV-7-100A3.

$ 350,000

$ 293,000

EQUIPMENT CATEGORY :

N]_-! X

lOT YEAR REQ'D

EQUIPMELT UTILIZATION :

FUI:CTI0NAL

FLOW BLOCK

NUMBER

TOTAL REOUIE[:D

(DEVELOPME_ COST)

(v._ITcosta)

AS IS 30% of DSV-7-100MODIFIED

NUMBI'._ AVAIIABLE

LOCATION NI_.IBFR

REOUIRED REO.UiRED

ETR (LAUNCH PAD)

_rR (r_m_c_, PAD)

W_R (TPF)

TOTAL CODT $

l

I"

1

1

1

1

3 ,i08,000

WrR (U_t_CHPAD)

FACTORY



u-'-,,_,,.......,, SHKET

NAME: CABLE NETWORK KIT EO.UIE4_q:T NO.
, ,, , ,

FUNCTIOLAI. RE_.UIR_._:_ (S) :

Th_s kit rill provide all electrical interconnect cables for connection of the
i

Tt_ umbilical and black box test connectors to the interface Junction box and

for conuection of the Junction box to the Tug checkout GSE.

EQUI_:ENT DESCRIPTION:

This unit is composed of the followin_ cable tyges: 5 four pin power cables,

thirty 60 pin cables, and five 39 _in cables.

v

$ 20,000 (DEYELOPMF_,'T COST)

EQUIP|'EI;T CATEGORY:

NE":! X

IST YEAR REQ'D

EQUII'MEi.T UTILIZATION:

FUI;CTIO':AL

FLO:! BLOCK

NUVSER

MODIFIED

NU)4BI'__AVAIIABLE

AS IS

LOCATIO!;

RF_.UIRED

-ms

ETR (LAUNCH PAD)

ErR (LA_rCH PAD)

• wrs ( PF)

(nAU: CHPAU)

FACTORY

1

I"

1

1

1

I

,e

k_ IL',.U.F_..DTOTAL _' " v" 6 TOTAL COST $ 218,000



11.7.5 Onboard vs Ground Checkout -- Program Option 2 and 3F

Onboard checkout is cost effe@ttve, even though the operations benefits are

zero, due to the large manpower requirements necessary to support the Tug/

Shuttle function at the launch sites. If the Shuttle/Tug functions weren't

a constraint, there would be an even greater savings due to the adaitional

personnel required at each TPF and launch site to operate the additional

GSE.

Other advantages of onboard checkout not reflected in the cos_ estimates include:

a. Ground and mission flexibility and reduced Tug dependence on the

Shuttle.

b. Less cost impact to changes (ECP's) that affect the Tug vehicle and

which would further result in changing all sets of GSE.

The GSE description sheets define the additional GSE required and their

associated costs which total S12.872M of which 4.10 is additional DDT_E cost.

The vehicle cost consists of developing a self-checkout capability in the Star

Tracker, additional wiring and the addition of (4) _4U's. The Built-In Test

Equipment consists of a self check capability in _he Signal Conditioning Unit,

Response Unit and Remote Multiplexer, and a manual self-check capability in the

Data Control Unit and System Control Unit. Additional checkout software are

also required.

The mAC onboard checkout philosophy trtilizes the vehicle _qS system and

checkout software to perform functional vehicle checkout and fault isolation

to the LRU level with minimal GSE support. The onboard checkout capability i5

e"



achieved through a combination of built-in/centr_ized test equipment. The

D_ requires access to those para=eters required to support lnfliEht redundancy

management. In fliEht redundancy =anagement refers to the process of fault

detection and isolation to the level at vhich redundant components can be

svttched. "Checkout only" parameters are those required %o fault isolate

to the LRU level. The definition of "checkout only" parameters is a t_anctton

of the actual l_ight sol, rare logic and is therefore rather subjective at this

tJ_e. The "checkout only" pamameters vould also be available in flight but

so_tvare is not included in our esti=ate to perform in flight fault isolation

to an LRU level unless required to support redundancy management.

The degree of built-in versus centralized versus ground test equipment is

dictated primarily by existing designs, feasibility, effect on reliability, and

_wv=_v_=,, _ cost.

The increase in vehicle cost is due primar1!y to the development of BITE

particularly in the _4S vhich is a nev design. The cost of additional inter-

face channels is negligible since these units must be developed in any case

an_ the pareneters normaiiy ex_s_ on _es_ connec_O_ _l_ho_h _v_= _,,, ....

signal conditioning maybe required.

The increase in veight is due to the additional D!_ interface units required

less the additione_ vire required to route the checkout parameters to these

connectors panels. (_OTE: Test connector panels may not be required for

some electronics boxes since access to the box test connector _y be available

in t_e forvard skirt.)
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GSE DESCIilPTIO:! SHUJ-7_

IlA!._: COZ_._2_ RESPONSE _;IT E_UI _.|FI:TII0.

FUllCTIONAI, REO.UIRE!._I.? (S) :

This unit shall generate hardline stimuli for testing Tug hardware and will be

able to transfer Tug signals from the Tug to the digital portion of the GSE

checkout system.

E_UIPMENT DESCRIPTION:

Thls unit is composed of 2 SCUs, 8 PCUs, 2 DCUs, 16 _._Js, hO connectors_

terminal board assemblies, and 9500 vire terminations. Similar to DSV-hB-130.

$ 306,590

EQUI I_.:J'I:TCATEGORY :

NE.'W X

IST YEAR REQ' D

EQUIPMENT UTILIZATION :

FUNCTIONAL

FLOW BLOCK

/4UMBER

MODIFIED

(TraIT COST)

AS IS 50% of DSV-hB-130

N_4BE_ AVAIIABLE

LOCATION NIJM['_FR

REOUIRED REQUIRED

ETR (TPF)

Emr_ (LAU:_CHPAD)

_ (u_u;;c._PAD)

wra (TPF)

(_ZCH PAU)

FACTORY

1

i"

1

1

1

1

TOTAL RFQUIEED 6 TOTAL COZT $ 3,239,190

//-3F3



GS_ _''"l" _'_,'.v,'_.

IIA,4E:GROU_D EQUIP_f TEST SET EQUIF,.I_:T IIO.

FUNCTIONAl, .qE_UIREI,_I_(S) :

The Ground Equi_uent Test Set shall provide an overall check of the GSE system

when the Tug is not connected. The test set shall verify the satisfactory

operation of that portion of the GSE not verified by self test programs.

E_UIFMENT DD]CRIPTI0:I:

1 Patch panel (i000 pts), 35 connectors, test _oint panel (200 TP) t terminal

board assemblies and 8500 wire terminations similar to DSV-hB-132.

$ 2,212,780 _ ,. (DE"_'ELOPM_Ff COST)

$ _97o209 _ (_{IT COST)

EQUIPMEI;T CATEGORY :

N]_/ X F,ODIFIED AS IS 30_ of DSV-hB-132

IST YEAR REQ'D I_;_._B'E_ AVAIIABLE

EQUI}';.;ENTUTILIZATION :

FUNCTIONAL

FLO'; BLOCK

NUT4BER

LOCATION

REOUI RED

ETR (LAbZ;CH PAD) 1

mm (nAm_C_PA_) .

(TPF)

W_R (_F)

1

1

WTa (nA_;C_PAD) 1

FACTORY 1

TOTAL RFQUIEED TOTAL COSTS 5,196,03h

//-3J



GSE DESCP.IPTIO,N SP._:C_

_AME: IUTLRFACE JUNCTION BOX P0.UIr,.IPI:TIIO.

FUNCTIONAl° RE_..UIRE:._'I_(S ):

This unit provides vehicle circuit protection and the patchir_ interface betveen
i

the Tug and the GSE.

EqUII_.:EIITDEYSCRIFTION:

Two bay Junction box consistin_ of test point panels, fuse and circuit breaker

_-els, patch panels_ and terminal boards. Similar to DSV-7-100A3.

$ _66,550

$ 390,569

E_UII_.',EI;T CATEGORY :

lll-_ X
,i

IST YEAR REQ' D

EQUIPMEI_T UTILIZATION:

FUNCTIOI:AL

FLOW BLOC}[

IIUMBER

MODIFIED

TOTAL REQUI}_[;D 6

AS IS

I_.rMBER AVAIIABLE

LOCATION

RF.OUIRED

(LAU:;C}{PAD)

ET_ (LA_mCH PAD)

m_ (TPF)

W_R (TPF)

WTR (LAUNCHPAD)

FACTORY

TOTAL COZT

1

I-

1

1

I

2,809,96h



OSE DESCP.[PTION 5HF.YT_'

NA,rE: CABLE NETWORK KIT E_..UI_.IFI:TIIO.

FUNCTIO'iAI, ._E?UIRE_I_ (_) :

This kit will provide all electrical interconnect cables for connection of the

Tug umbilical and black box test connectors to the interface Junction box end

for connection of the _unction box to the Tug checkout GSE.

}_UI_,'ENT DICSCRIPTI0:I:

This unit is composed of the following cable types: 5 four pin power cables,

thirty 60 pin cables, and five 39 pin cables.

$__I06,6h0 (DEVELOPME/,'_ COST )

$ 30,659 ..... (UNIT COST)

EQUIPI.:ENT CATEGORY:

NI_! X MODIFIED AS IS

IST YEAR REQ'D L_.._P,h_ AVAIIABLE

EQUIPI.:EI_TUTILIZATIC!: :

FUNCTIOI:A L

FLOW BI,CCK

N_.I_ER

LOCATION

R EOUI RED

(TPF)

ETR (,LAIE;CHPAD) .

ETR (LA_ICH PAD) 1

1_R (TPF)

WTR (LA_ICH PAD) 1

FACTORY 1

°

TOTAL RFQU!EF;D 6 TOTAL C0ZT $ 290,55 



11.8 TUG FLEET SIZE

11.8.1 Active Tug Fleet Size

The Active Tug Fleet size is summarized in Figure 8.11.1-1 and 8.11.1-2.

11.8.2 Total Program Fleet Size

The Tug fleet sizing analysis was based upon the flight schedule developed as

a result of the mission accomplishment analysis (as reported in Volume 4). The

capture analysis identified the flight by flight mission accomplishment. With

the flight schedule and associated flight mode and the effect of reliability,

the fleet size necessary to carryout the activity was developed.

The total program fleet size is 13 vehicles of which 2 must be available in the

year of IOC.

11.8.3 Factors Influencing Fleet Size

Table !!-I shows the schedule of flights per year by Tug I.D. number. At

the top of the chart, the number of flights per year is shown and the number

of Tug expendable flights. The number of Tugs required were established by

first determining the number of Tugs necessary to accomplish the 1990 require-

ments and working backward from that point to 198h. The maximum number of

I1 7
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flights any Tug can perform in a year is established first by su_zing the Tug

ground turnaround time and the mission time which results in the minimum mission

turnaround time. In Option 3 the ground turnaround time is as follows:

Ground Turn- Average Average Mission

around Time Mission Turnaround Time

Configuration (Days) Time (Days) (Days)

Initial 28.0 i .7 29.7

Final 29 •0 3.3 32.3

Using this number and assuming that the maximum number of flights that an ex-

pended Tug can make in the year that it is expended is 6 (one-half the maximum

turnaround in a year), the fleet of 5 for 1990 is estsJblished. Working backward

from there it can be seen that in 1989 the three expendable requirements and

the necessary vehicles used in 1990 make up the inventory requirements. In 1984

the initial Tug flights are limited by its capabilities (it is able to perform

only 17 of the 44 flights) thus the final configuration initial year fleet is

established to accomplish the remaining flights. The initial Tug fleet size

of _ is established by the 1983 requirement of 36 flights.

//- /



The resulting data show that to carry out the operations a total of 12 Tugs

is required of which _ are initial and 8 are final configurations.

Using the Government ground rules for reliability losses, 4 additional vehicles

are required (I initial and 3 final configurations). Thus the total fleet size

necessary is 16 of which 2 initial configurations are required at IOC (1980)

and 4 final configurations at IOC (1984).

The major influence on fleet sizing is the number of expendable Tug missions

required. If, for example, no expendable missions were required the required

fleet size could be reduced to nine vehicles including reliability losses

(_ initial and 5 final vehicles).

J



!1.9 COST DATA

The ground operations have been analyzed and costed in two separate "breakouts"

of the elements involved. The first breakout is the standard Work Breakdown

Structure for the study, as defined by the Government and included in the cost

analysis program. The second breakout is the "standard numbering system for

I!

tasks identified in the functional flow diagrams, as provided by the Government

and included in all the ground and launch operations analyses conducted in the

study. These two breakouts are correlated in Table ll.9-1 to indicate the MDAC

approach to resolution of the apparent discontinuities between the two accounting

methods.

The ground operations cost data are proviced on Table 11.9-2, as developed for

both ETR and WTR (where applicable). These cost data are listed in agreement

with the ground and launch operations numbering system and organization of

Section 6.11 of this document, as shown on the left half of Table ll.9-1.

The costs presented are a direct function of ground crew size and the methodology

euployed to optimize maupower. Accordingly, to help substantiate the cost

estimates, trade study sheets for Determination of Cround Crew Size and Innova-

tion Ground Operations Techniques are included. These data are in response

to action items 95 and 97.
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DETER_NATION OF GROUND CREW SIZE (ACTION ITEM 95)

The methodology of ground crew sizing for the cryogenic Tug basically consists

of a ten step process. Each process step is described below and illustrated

in Figure 1.

STEP 1 : FUNCTIONAL YLO_

For each Tug vehicle configuration option, top level functional flow

diagrams were developed to reflect the operational requirements of the

following items;

Flight Requirements (NASA/DOD)

o ETR launch

o VTR launches

Flight Composition

o Tug ( asic)

o Tug with F.Ick Sta_e

STEP 2: TASK DESCRIPTION SHEETS

For each function identified in the functional flow diagrams of Step 1,

a task description sheet • waw constructed. The _i_ie, objective, purpose,

location, required equipment, manpower and interface requirements for each

functional task is specified on these sheets and are a prerequisite to

the development of timelines and manloadtng.
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STEP 3: SUBT_SK DEFINITION

individusl s_D_asks and their respective manpower aliocaLion required to

accomplish each fXmctionaltaskwere defined utilizing the task description

sheets of Step 2 and their timelines to determine the overall time required

for each functional task.

STEP h: _._SSYON MODEL A}[ALYSIS

The mission modelfor each Tug vehicle configuration option was analyzed

for each launch site with regard to number of launches, user (NASA and DOD),

flightcomposition, and mission type (deployment, round trip, etc.) The

predominate Tug mission was then selected for detailed analysis and develop-

ment of task timelines and sequences, and ground and launch operations

manning requirements.

STEP 5: TASK TIC.LINES AND SE_U_:CE DEVELOPMENT

Based on the predominate Tug mission selected for each Tug vehicle confi@nxra-

ticn option in Step _, the appropriate functional task tinelines developed

in Step 3 were assembled on a sequential hour by hour basis in a manner

consistent with the functional flows for each respec_ive Tug option.

STEP 6: TURNAR0_D TIMES

Tug turnaround times were determined and top-level operational baz-chart

flows were developed for each Tug configuration option based on the assembled

timelines of Step'5.

STEP 7: SKILL PER SHIFT D_-_PI_NATION

The task timelines of Step 5 were evaluated on a task perflight basis and

appropriate m-_power skill requirements were optimized utilizing skill sharing

techniques where possible.

STEP 8: MAXI_._"3Mvs. _.'A/_DATORY8K'fLL BREAKDOW_

A skill per shift matrix was developed for each Tug vehicle configuration

option utilizing the data derived in Step 7 in order to determine the

maximum skill breakdown requirements and the mandatory skill breakdown



requirements during those shifts whose operations are constrained by the

Orbiter ground processing schedule.
j

STEP 9: MANPOWER vs. FLEET SIZE DETERMINATION

Based on the required on-orbit time and the turnaround time derived in

Step 6 for each Tug option, liftoff to liftoff times were determined and

the active Tug fleet size for any required launch rate was derived.

Manpower levels for each required skill were then assigned on a per-shift

basis accordingly. _

STEP 10:

Utilizing the data generated in Step 9 and the number of required launches

per year as specified in the traffic model for each Tug option, a total

manpower per skill par shift per year matrix was developed.

The crew size for each Tug option is attached.

/
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INNOVATIVE GROUND OPERATIONS TECHNIQUES "

(ACTION ITS4 97)

I MDAC APPROACH

Eleven Tug engineering personnel are mand&tory during certain Tug prelaunch

operations which are time constrained due to Shuttle ground processing schedule

requirements. Evaluation of manpower requirements indicates however that

during turnaround shifts during which engineering personnel are required,

eleven engineers are required only five percent of the time. During the other

seventy-five percent of the time, a maximum of nine engineers is only required.

II MDAC POSITION

For those program years requiring four Tug launches per year or less, a field

engineering staffing of nine engineers is adequste if, for the five percent

of the time when eleven engineers are required, two "home plant" engineers are

provided TDY during the five percent peak periods when eleven engineers are

required.

III RATIONALE

Program years during which less than four Tug launches per year are listed below:

TUG PROGRAM LAUNC_

OPTION YEAR SITE

1 1980 ETR

1 198_ w'm

i 1986 WTE

1 1988

1 199o WTR

3 1980 ETR

The savings of two engineers during these program years can be equated to

_38h,000 for Option 1 and $76,800 for Option 3.

IV IMPACTS

Providing home plant engineering personnel to the launch site on a TDY basis for

limited periods during program years having launch rates of less than four per

year does not impact Tug operations and has precedence on current launch vehicle

programs.

//-,/I 9
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Operating in this fusion during program years having launch rates greater than

four per year is however neither economical nor efficient.
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ii.i0 Appendix A -'Trade Study Results

The operational trade studies are reported in the appropriate section and no

"appendix" type material was generated.



APPENDIXB.

MAINTENANCE PLAN

MAINTENANCE

The contractor shall develop a maintenance program that provides optimum Tug

System support at the test and launch sites. The maintenance program will

have as its objective, a minimum expenditure of support resources over the life

of the program. The maintenance concept shall be based on the airline philosophy

of on-conditlon maintenance which m/nimize performance of maintenance tasks on

a specific time interval basis. The contractor will develop the status mon-

itoring and failure prediction techniques necessary to employ this concept.

A fault isolation capability to a line replaceable unit (LRU) level will be

developed, making maximum use of onboard checkout equipment. Wherever feasible,

GSE requirements analyses shall recommend the use of multi-purpose testequip-

ment. A maintenance plan will be prepared defining the types and levels of

maintenance, maintenance cycle, maintenance organization and maintenance con-

trol functions. A maintenance analysis will be conducted to determine main-

tenance resource requirements for system, subsystem, LRU and component level.

During the maintenance cycle, the primary method of system and subsystem

repair will be removal and replacement of LRUs. An optimum repair level

analysis will have been completed to determine the most cost effective repair

location for each LRU. The interface of the maintenance function with the other

elements of integrated logistics support will be defined.

Maintenance Plan

Prepare a maintenance plan that identifies the analysis and planning necessary

to provide a program consistent with airline policies and practices. In order

to develop the maintenance plan it is necessary to identify maintenance con-

cepts, policies, constraints and requirements. As nearly as possible the

maintenance functions of the reusable Tug are related to present airline

practices as developed through operating experience and modified to meet Tug

needs.



The plan shall specify the approach used for maintenance support of system

maintenance, including such elements as implementation of on-condition mainte-

nance, launch site maintenance policies and practices, Joint operational and

maintenance personnel utilization, vertical and horizontal vehicle maintenance

groundrules and distinction between LRU, maintenance significant and nonmainte-

nance significant hardware categories. Establish the program authority for

these plans, and the manner in which they will be maintained current with

program development.

J

Organization - The Maintenance Plan shall describe the maintenance engineering

organization that will plan, establish, perform and control maintenance support

of the Tug system. _e Plan will also define the program authority of the

Maintenance organization, and its relationship to other program organizations;

e.g., reliability, test, safety and maintainability.

Maintenance Analysis

Define the type and content of maintenance analyses required to establish

Level I, II & III maintenance requirements, inspection schedules, maintenance

turnaround cycles, GSE, facility interfaces, potential candidates for inflight

maintenance, and cost effective procedures. Describe integration and time-

lines of the maintenance analyses with other Tug program analyses and events.

Describe the approach for the utilization of the maintenance data file that

enables storage and rapid retrieval of categorized information. The require-

ment to evaluate field collected maintenance data, and to establish corrective

action for apparent problems shall also be considered in the analyses.

The maintenance analyses are performed to identify the system, subsystems and

components thatrequire, preventive and/or corrective maintenance. It is based

on a systematic analysis of the hardware design to determine the time required

to perform each maintenance action and the requirements for specific equipment,

facilities, personnel, spares and technical documentation. The analysis is

the basic element used in establishing a continuous maintenance program.

J
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Maintenance Analysis Format

The maintenance analysis system will be identified and discussed in detail

under this heading of the Plan. The technique for tabulation of the data com-

piled requiring analysis will also be discussed in this section. Instructions

for completion of and format samples of the analysis work sheets vii-I be pro-

vided. Format of the work sheets shall be mutually acceptable by both the

Government and the Contractor.

Maintenance Support and Control

Describe the test and operational phase of Tugm_intenance control that is

required to control and administrate maintenance support operations, (e.g.,

schedule maintenance activities)• The Plan shall describe the approach used

for the formulation, conduct and authority of the organization, and the

optimum physical locations. Define the relationships of the organization with

other field or6anizations, including the operational contractor, giving special

attention to the common utilization of personnel for operations and maintenance

requirements.

Reports of fli6ht test and operationa_ maintenance _ctions will be evaluated

to determine the degree of effec_iveness of maintenance support operations.

Describe the approach to be used in the development and implementation of the

Tu6 system data collection prosram (such as £FSM 310-1, 88D gxhibit 66-1) that

encompasses preparation of action reportlngforma, field data collection, data

++ I +iv_l+ll + +6 mp Vl _+M+ I ++Imllw+ I wrpl "

ldentlf_ program needs for the collected field data and describe the using

_enctes plans for maxim_aprogrambeneflts th_ this effort.

Types of )-',aintenance

The total system ma/ntenanee requirements will be eva£umted and segregated in

specific types of maintenance, I.e., Pc_tfll_t, Preventive, Corrective and

Caltbratt,n. A detailed discussion of the application of these t_pes to the

TuE system rill be provided in the plan.



Types of Inspection

It is anticipated that several categories of inspection will be required,

e.g., Acceptance, Preflight, Postflight, Phased, Special Inspections. Each of

these categories will be discussed in the plan to show how each is applied

to the maintenance program and what each category of inspection is intended

to accomplish.

Levels of Maintenance

• Three levels of effort will be used in support of the continuous

maintenance program:

First - Actions accomplished directly on the vehicle.

Second - Actions accomplished, in support of first level, off the

vehicle in shops or areas located at the Facto_o/depot.

Third - Actions accomplished, in support of first and second levels,

requiring specialized skills and equipment.

A detailed definition of each level will be provided in the plan, so that it

may be used as a reference when making maintenance level assignments for

repairable hardware. J

Maintenance Philosophy and Concepts

Through evaluation of the analyses, trade-offs and liaison actions, specific

maintenance philosophies and concepts will be developed for individual end

items, components, assemblies and subassemblies. Such concepts as the follow-

ing will be included:

• The maintenance program will consist of a structural sampling inspec-

tion schedule, a preventative maintenance schedule and corrective

maintenance based on the ON-CONDITION concept.

• Corrective system maintenance will be removal and replacement of

failed components.

• Application of maintenance status annunciators, maintenance and flight

data recorders.

j
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These concepts will be coordinated and integrated with the other affected

support activities, e.g., Logistics. Engineering, Supply Support, Technical

Public_tions. Training, Operations and Design Er_ineering. These a@reed upon

concepts will be recorded in the plan and considered as the baseline program

JAlntenance concept.

SupportEquipment and Tools

As a product of the Maintenance Analysis, determine4Lnd document the support

equipment and tools (CFE, GFE and Commercial) required. Additional sources of

supplemental information includes Design Engineering, Operations and the Main-

tainability Task Analysis. These requirements will be reflected inthe plan,

segregated to the respective levels of maintenance.

Skill Levels and Manpower

The objective of this exercise is to identify, (I) the Job title (skill level)

and (2) the requisites (qualifications), formal education, training and experi-

ence associated with each skill (grade). This information will be provided in

the maintenance plan for correlation with and use in identifying skills during

the Maintenance Analysis Program.

In order to facilitate accurate manpower and training plans during the design

phase, it is necessary to quantify each skill level required to support the

operational system. These requirements are initially identified through the

Maintainability Task Analyses and are thoroughly coordinated with the Personnel

and Training Group prior to recording them in the Maintenance Plan as firm

requirements.

Personnel Utilization Concept

A study will be made to define how maintenance personnel will be cross-trained

and utilized in the maintenance, prelaunch and launch activities. The results

of this study will be reflected in the Personnel Utilization concepts pro-

vided in this maintenance plan.

*L. j



Maintenance Cycle

Zhe maintenance actions defined and expanded during the maintenance analyses

are inputs to be integrated into a total maintenance activity. The mainte-

nance actions will be categorized into one of the types of maintenance dis-

cussed; assigned a level of maintenance and diagrammed in a Functional Flow

Block Diagram (FFBD), when required. Time spans of each task will be plotted

in a timeline study and a specific segment of time designated as the "Mainte-

nance Cycle" time. A detailed discussion of the designated maintenance cycle,

through the flight test and operational phases, its timeline and FFBD will be

provided.

Periodic Maintenance Control

The automated documentation and scheduling program for periodic (preventive)

maintenance requirements of all GSE, (including GFE) support equipment, and

stored and installed flight hardware will be defined. Specific direction as

to application of this program to the Space Tug Program will be provided in

this portion of the plan.

Utilization of Government Owned or Financed Resources

Each requirement involving: facilities, support equipment, tooling or other

maintenance resource, will be evaluated in terms of utilizing Government owned

or financed resources to satisfy the need. In those areas where Government

facilities or resources can be used, appropriate discussions will be provided

• in the Maintenance PiPm. In each instance, maximum use will be made of

Government facilities and resources.

Coordination and Interface

The various elements and requirements of the plan are coordinated and completely

interfaced with Engineering, Facilities, Operations, Publications, Supply

Support, Training, and Operational Contractor to assure the requirements and

decisions reflected in the Plan are compatible with, and support their planning

and concepts.

j



Functional Vlo_ Biock Dia_rans (FFBD)

_n order to accurately perceive the'magnitude and scope of specific

maintenance requirements, it is necessary to diagram the maintenance action

in its logical procedural steps. The maintenance plan will provide guidelines

to be followed in preparir_ these FFBD's.

Provisionina Support

This portion of the plan will provide guidelines and parameters of Maintenance

Engineering responsibility with respect to support of provisioning activities.

Decision making authority will be clearly def{ned; action to be taken when the

provisioning decision is not compatible with the requirements expressed in the

maintenanceanalysis; general outline of the data to be provided and made avail-

able during provisioning conferences will be included in this area.

Data Collection

To aid in identifying and eliminating potential problems, correcting existing

failures, and improving maintenance capability, a maintenance data collection

system will be defined and implemented. The data collection will start with

component testing, continue through manufacturing, test and operational phases.

Because of the minimum number of vehicles produced and limited flight test

program there is a need to gather as much data as early as possible to verify

the maintenance and logistics program prior to the operational phase.

The method of collecting f_Id data and the techniques to be applied in the

processing and analyses of the data will be described in this section of the

plan.

MAINTENanCE FACILITIES

A Maintenance Facility Program Plan will be prepared. This plan will outline

the contractors' approach to identifying facility requirements, existing

facilities and how the contractor plans to conduct the facility acquisition

effort. Personnel engaged in this activity will be responsible for:

• Conduct "on the spot" evaluations of existing maintenance facili_s

and prepare Site Selection and Evaluation Report for NASA/DOD.



@ Identify to NASA/DOD, specific technical requirements and facility

design constraints.

Prepare facility design concepts to facilitate review and analysis

of proposed solutions to facility design trade-off. These concepts

will include recommended floor and area plans with room or area names,

size, functions, elevation plans, clearances and statements of how

electrical and mechanical functions are to be carried out.

Participate in design reviews with NASA/DOD, architects, et al to

support the maintenance facility planning aspect of the program.

Prepare an Activation Plan which consists of consolidating all

schedules, plans and associated actions required for total activa-

tion of new or modified maintenance facilities.

Prepare a Master Equipment List of Real Property Installed Equip-

ment (RPIE) and items of electrical and mechanical equipment and

their major components, based on the final facility design.

A Project Status Report will be prepared and updated periodically,

to keep NASA/DOD advised of the status of all incomplete maintenance

facilities. An Annual Summary Report will be prepared for each

active facility contract which will include a summary of all funding

actions, inventory transactions and use of facilities under the total

contract during the reporting period.

This activity will be concerned with all locations, i.e., launch site and test

sites.

MAINTENANCE STATUS REPORTS

Maintenance Status Reports shall be provided to assure proper accounting of

all pertinent maintenance elements. The reports will include description of

trends, problems and actions taken or deferred. Formal Maintenance Milestone

(Schedule) Summary documentation will be initiated as the document for time

phasing the Maintenance Program.
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Appendix C

SPARES ANALYSIS/PLANNING (UNSCHEDULED MAINTENANCE)

C.I SPARES QUANTITY AND COST ANALYSIS DATA

The maintainability analyses have addressed unschedul_d maintenance

requirements. This applies risk of failure analysis methods to prediction

of spares requirements. The same basic data were used to predict mainte-

nance manhours, launch reliability and payload changeout risk at the pad

(see Section 6.11.7.2). The results of the spares analyses are documented

in 3 sets of data contained herein. Cost estimates were introducedinto

the cost model in terms of initial spares and depot maintenance, measured

in terms of equivalent units of production subsystem hardware costs.

The first set of forms entitled preflight verification: of subsystems show

the failure/anomaly risk analysis basic to the maintenance time and spares

cost predictions. The data in the column labeled "E = NkKT" shows risk of

failure (failures _er flight).

The next series of forms entitled Tug Spares Analysis show subsystem

breakdown to Level 8 and spares quantities. The data from the verification

of subsystems form (,) are used to calculate the values shown in

Columns 2, 3, 8, and 9. Stock level estimates are made as a function of

flight frequency, depot flow time and desired probability of sufficient

stock for any contingency. The quantity of initial spares (required at

Level I to repair any failure present in a returning Tug, SI) is based on

a 0.90 probability of sufficient spares to cover 5 flights without resupply.

The estimates for Level II maintenance provides at least 1 of each replace-

able item if not qualified in SI for Level i, plus an additional quantity

for higher failure risk items to assure a 0.995 probability of sufficient

parts over a 5 flight time span. Depot maintenance costs are based on

failure rate, estimated number of flights and % of part costs to handle the

cost Of the repair cycle (30% used for the latter, for refurbishable items).

The auantity of initial spares for each component to repair the Tu_ are shown

under "Component Initial Stock". The quantity of operational spares for each

item is shorn under "Component Float Stock" and "Subassembly Operationai " "SL-_res .

The worksheets showir_ the calculation of spares costs for the cos_ model ingut

sheet are shown in the third set of d_a.
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C.2 MATH_TICALTEC_IQU_.S USED _ T_NALYSES

The custo_._y failure risk prediction technique used in reliability

predictions is based on the formula _NMKT where,

M m N_ber of parts in the equil_nent
o.

k m Failure rate of the part

K = Stress factor for the part for time T (Vibration, heat,• etc. effects)

T = Operating time

For the Risk of Failure prediction shown on the form "Preflight Verification

of Subsystems," the following values were used

N = Number of components or subassemblies (computer, valve, tank, etc.)

k = Failure rate of the characteristic item for space

K m Equivalent anomaly factor*

T = Flight duration + equivalent space time to compensate for shuttle

lift off stresses + prelaunch operations time following tug post

luLintenance checkout. _i0 Prelaunch Operations;
• l_6Rqui_al, ent Fli._h_ T_ae

*The K factor for additional damage was applied to predict work load.

Xnvestigations several years ago indicated that operation of equipment in

test • after transport Co a flight location introduced 5 - 8 times the prior

number of failures. This same magnitude value was used here to represent the
ratio between actual f_ilures (inherent reliability failure rate) and anomalies

(degraded perfo._mance, suspect items removed as deficient, or items requiring

a_Justment or calibration prior to dispatch on a new Tug space mission). Thus,
the total spares quantity shown includes both the actual flight failures and
correction of anomalies.
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• he cost models used to calculate spares costs £n terms o£ e_utve£ent assembly

(Lewel 6) sad subsyst_ (Level 5) costs aze:.

Zalt£sl Spares as a l'_nction of useab13r eost:

5

J=l i=1

and

For Operat£ng Spares as a function of assembly cost:

= soj.Rj.cj + cI_ 0i

and

For I_pot Spares as a function of assembly cost:

_. Nj wi

W..
J=l I=i

For Initial Spares as a function of subsystem cost:

•k=1



QperatinK or Depot Spares as a _n_tton of subsystem costs (_0 L or EDL) are

• ound by substituting E0 K or EDK in the last equation.

The meanings of the symbols used follow:

8Yj - Number of initial spares of component _.

ST i = Number of initial spares of subassemb_ i.

SOj= Number of operating spszes of component J.

SO l = Number of operating spares of subassembly i

SDj= Number of depot repair kits and/or parts as equiv_ent cumponents

SD i = Nmnber of depot repair kits and/or p_rts as equivalent subassemblies

C3= Cost of COml_nent J in equivalent assemblies

CIj = Averase cost of subassemb_ i in equivalent components S
Hi

C_ _ Cost of assembly k in equivalent subsystems L

Rj = The ratio of the •cost of a spare component J to the cost of a

shipset of component J.

,j
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Appendix D - Task Description Sheets

This appendix contains the baseline time line encompassing all operations for

all options and the associated task description sheets. These were used to

develop the specific option time lines presented in section 11.3.6.

i ;



MDAC CRYOGENIC TUG STUDY

TASK DESCRIPTION SHEETS

9 JULY 1_3



7J3LI 0F COF_TS

Prepare PreltmtnarT M_R Schedule

Analyze Telemetry Data for Unscheduled M_R

Update M&R Schedule

Receive Tug at TPF/PPY

Prepare for Inspection and Checkout

Parform Poet Flight/Receiving Inspection

Perfor: Post Flight C/O - Ma_n Propulsion -
Ambient He Press.

Perform Post Flight C/O - Main Propulsion -
Cold He Press.

Perform Post Flight C/0 - Ma/n Propulsion -
Autogenous Press.

Flight C/O - Main Propulsion -Perform Post
Zero i?SH

Perform Post
Blovdovn

PerForm Post
Pressurised

Perform Post

PerForm Post

Perform Poet

Perform
Ambient

Perform
Cold He

Flight C/O- APS - Monopropellant-

Flight C/0 -APS - Monopropellant-

Flight C/O - .a_S - B!propellsat

Flight C/O -APS - Cryogenic

Flight Checkout - Avionics

Post Storage C/O -MainPropulston -
He Press.

Post Storage C/O -MatnPropulsion -
Press.

Perform Poet Storage Checkout - Main Propulsion -
AutoKenous Press.

Perform Poet Storage C/O - Main Propulsion -
Zero _H

Perform Poet Storage C/O - APS - Monopropellsat
Blovdmm

Perform Post Storage C/O - APS - Monopropellant
Pressurized

Perform Post Store_e C/O - APS - Blpropellant

Perform Post Storage C/O - APS - Cryogenic

Perform Post Storage C/O - Avionics

PAOJ
m

1

2

3

k

5

6

?

8

9

10

11

12

13

14

15

16

19

2O

21

22

23

24



1.1.9.1

1.1.9.2

1.1.9.3

1.1.9._

1.1.9.5

1.1.9.6

1.1.9.7

1.1.9.8

1.1.9.9

I.I.i0

i.i.II

I,i.12

1.1.13

1.1.1_

1.1.15

1.1.16

1.1.17

1.1.18

1.1.19

1.1.20

1.1.21

1.1.22

1.1.23

1.1.2k

1.1.25

1.1.26

1.2.1

1.2.2

TaBLZ Or CO_S (Cont.)

Perforn Wev _ C/O
He Press.

Perform Sev T_ C/O
We Press.

Perform _ev _ C/O
Auto_enous Press.

Perform Nev TuS C/O

Perform New Tug C/O

Perform New Tug C/O
Pressurized

Perform New

Perform New

T_ C/O

Tug C/O

Perform Nev Tu_ C/O

Prepsre/Upd&te M_ Schedule

Perform Structure/Mechanical M&R

Perform Propulsion M&R

Perform ATlonics M&R

Remove M&R GSE

Receive lr3E at TPF/PPF

Prepare for Inspection

Perform FSE Post Fllght/Receivt_ Inspection

Prepare/Update M&R Schedule

Perform FSZ M&R

Prepare for Stor_e

Prepare for Transport

Transfer to Storage

Perform Stor_e. Support

Remove from Storage

Transfer to TPF/PPF for M&R

Transfer to Prelaunch

Post M&_ Verification

Perform Post M&R Verification

- Main Propulsion - Aubient

- Main Propulsion - Cold

- Main Propulsion --

- Mstu Propulsion -Zero NPSH

- AP8 - Monopropellant Blovdovn

- AP8 - Monopropellant -

- APS - Bipropellant

- AP8 Cryogenic

- Avionics

PAGE

25

26

27

28

29

3O

31

32

33

3_

35

36

37

38

39

_0

_2

_3

_5

_6

_7

_8

_9

50

51

52

-j



OF COl_l'_q_ (Cont.)

P/I_E
mmmammmm

2.1.1

2.1.2

2.1.3

2.1.k

2.1.5

2.1.6.a

2.1.6.a
Alternate

2.1.6.b

2.1.6.b
Alternate

2.2.1.1

2.2.1.2.a

2.2.1.2.b

2.2.1.3

2.2.2.a

2.2.2.b

2.2.3

2.2.k

2.2.5

2.3.1

2.3.2.i.a

2,3.2.1.b

2.3.2.2

2.3.3

2.3.1;

2.3.6

2.3.7

2.3.9

2.is.1

2.is.l.a

2.is.2.&

2._.2.b

2._.3

ReceiTe FSE f_ M&R

ReceITe Tug from MkR

Prepare Tug for PP? Transfer

Transfer Tug to PFF

Transfer Payload to SPF

Storable Propellant 8errleing

Storable Propellant Serwlcing

Storable Propellant SerTiei_

Storable Propellant Ser_tcing

Prepare for Spacecraft Equtlnent

InstallSpacecraft EqutI_nent

Install Spacecraf_ Equipment

VerifyTug-to-Spacecraft Equipment In_er_aees

Prepare Tug for Spacecraft

Prepare Tug for Spacecraft

Mate TuB and Spacecraf_

Vertfy Tu_-to-Spaeecraft Interfaces

VerifyCleanliness

Transfer FSE to MCF

_EL,L_ _ _ _ _v_v_l

Install FSE in Cabin (COMSEC)

Install FSE in Paylo_Be_r

VerLfyFSE Interfaces

Transfer Payload to MCF

Payload InstallationPreparation

Payload Installation MCF

Verify Payload-to-Shuttle Interfaces

Orbiter/Payload Integrated System Test

Monitor Storable ACPS

Tu_ Service at Pad

Service at Pad (_on CzTo)

Tug Service at Pad (Cry)

53

55

57

59

6o

6z

62

63
6k

66

67

68

69

70

71

72

73

'/Is

75

76

77

78

79

8O

8l

82

83

8_



2.1L.3.a

2.1_.3.b

2.h.b

2.h.5

2._.6

2._.7

2._.8

3.1.1

3.1.1.a

3.1.2

3.1.3.a

3.1.3.a
Alternate

3.1.3..o

3.1.3..o
Alternate

3.1._

3.1.5.a

3.1.5..O

3.2.2

3.2.3

3.2.1_

3.2.5

3.2.6.a

3.2.6.'o

3.2.7

3.2.8

3.2.9

3.2.10

3.3.1

3.3.2

3.3.3

TitLE OF coroners (Cont.)

Tug Service at Pad (Cryo)

Tug Service at Pad (Cryo)

Final Checks at Pad

Remove Payload (Pad)

Payload Installation or Removal Preps.

Payl6ad Installation (Pad)

Transfer Pa/load to Pad

Tug Ground Safing at Safing Area

Tug Ground Safing at Safing Area

Transfer Tug to SPY

T_ ACPS Safln_

(Pad)

Tug ACPS Safing

Tug ACPS Sating

Tug ACP8 Safing

Transfer Tug and Spacecraft to SPF

Tug Safing

T_ Sa_ing

Recover Tug at Safing Area

Recover Tug at MCF

Recover Tug and Spacecraft at Safi:_ Area

Recover Tug and Spacecraft at MCF

Recover FSE (Cabin) Equipment (Console)

Recover FSE (Cabin) Equipment (COMSEC)

Recover FSE (Payload Bay) Equipment

Transfer FSE to PPF

Transfer FSE to TI_

Transfer FSE to PPF

Transfer Tug and Spacecraft to PPF

Demate Tug and Spacecraft

Transfer Tug to TPF

PAGE

85

86

87

88

89

9o

91

92

93

9_

95

96

97

98

99

I00

i01

102

103

10_

105

106

107

108

109

ii0

111

112

113

11h

j



PAGZ

3.3.k

3.3.5

3.3.6

3.3.7

3.3.8

3.3,9

3.3.3.0

l_eeover Spacecraft Equil_ent

• raasfer Tug to PPF

Transfer Tug and Spacecraft to TPF

Demate _ and Spacecraft

Recover Spacecraft Equllzent

Transfer Tug to PPF

Transfer Tug and Spacecraft to PPF

115

116

lIT

118

119

120

121

.4

V



TASK DESCRIPTION SHEET

TASK TITLE: PPXPAaE PRELIMII_ARY M_R SC.'-,V_UL._ (1.1.1)
i |

TASK O_ECTIVE: To schedule known 14&R requirement
i i | . |m I L J I I II I •

. m I m ' , I.. ,L | n.

TASK PURPOSE: To construct an M&R schedule through review of a Tugts
i i i i i, i Ul i i Hi i

maintenance records arts integration of subsystem scheduled _&R requirements.
--, i | , " |

I q i i ii n , , , ,m ,

i i i ,, n i I ,,, ,| • i ,i i i , , u ii • i

TASK LOCATION:

TASK EQUIPMENT:

].:_7

13.8

].i,8

, , i ,, ii ,

TPF/KSC and PPF/WTR
.i r-- • - • , i J i |i • J|

Data r.!_tTest Set

C/O Cable Kit (,,Partial) .,,

Signal Conditioning Unit (?art%s/)

.j

,i , ,,i i| i •

MANPOWERREQUIREMENTS : PROPULSION TECH 0 M-HRS
le

MECHANICAL TECH o M-HRS
e • i

AVIONICS TECH 0 M-HRS
,l i

ENGINEERING 16 M-HRS
i ii I

QUALITY CONTROL 3 M-HRS
• i i

SAFETY 3 M-HRS
i

OTHER 0 M-HRS

INTERFACE REQUIREMENTS:

J



TASK TITLE:

TASK OBJECTIVE: To tdenttf_ unscheduled F_R requirements.
i I | I I | i I

TASK DESCRIPTION SHEET

ANALYZ_ Tk_T_24_'TRY DATA F0R UBSCKKDULED M&R (1.1.2)
if± t L ,i , t as

i L i. n n [ ii n n i J

• I

, ,m , • , •I

TASK PURPOSE: ,,To an,n_yze .TH data to Ldentif_ infliajht anomalies ,occt_'rir__

during the last Tu_ mission. Fault Isolate to LRU and define unscheduled
i t| l t i | i

MaR requirements.
t t tt t it .t "

t I i il ii m •

I

, ii i • |

TASK LOCATION: TPF/KSC and PFF/T_L_t
I t i

TASK EQUX_NT: Eard Co_v Vla Ground Stations

128 Telemetry Oroun_d Statlgn
i I • ,,, , l

i

MANPO_IER REQUIREMENTS: PROPULSION TECH

IECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

I t •

0 " H-HRS
• iN t

0 N-HRS
I it

0 H-HRS
it it i i t

18 M-HRS
t i i•

6 M-HRS

6 M-HRS

8 H-HRS
m in i

Software program to process _.] data
i

, | a t ,



TASK DESCRIPTION SHEET .... .

TASK TITLE: .... LTPDATEM&R SCHEDULE (1.1._) .

TASK OBJECTIVE: To establis,h an inteRrated M_R schedule.

ii , ' J'" ' '

TASK PURPOSE:

• i ,, ! i , , ,|

TO ip_grate scheduled a_d unscheduled M&R reauiremen_Cs

• i , ii
i , | i I , : |1, - i i , • ,l

i i i, Jm± i i I , i

i | | i i L i J I im i |

TASK LOCATION:

TASK EQUXPMENT:

12T

..... , ,, ,

T UKSC
,i,m ,L , ,

I• ,|,

D_ta _._t Test Set
• ml , i ,i | • i i , , ,,ii

i ii

r

J

i , ,, ,,

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

i

i

, , i ,

i i,

0

0

0
i

J "L I

| 0 ,, I

M-HRS

M-HitS

H-HRS

M-HRS

M-HRS

M-HRS

M-HRS

.j



TASK DESCRIPTION SHEET

TASK TITLE: P_CEZVETUO AT TPF/PPF (!.l'_)
i i m • ,= ,= , i i i ii ,| , ,, --

TASK OBJECTIVE: To physically enter the Tug into MAR cycle. This tuk and
i I i

ambsecluent tasks consider (I) gevTugs, (2) Tu_s from Post Landlng Operations,
i| ! L | , ,i , _ i II i i

and (3) Tugs from Storage.
I I n • m,n ! n • •

u ii i i ., -- .ill |1 i I

TASK PURPOSE: To place the Tug in its M&R position at the TPF/PPF and assure
n i ii nm ......

a final safe condition prior to Initiating M&R actions.
.in | n l n u a ii i i

n nl i| n | . n n n I • u n

• I nnnun

j n

in n 1

TASK LOCATION:

TASK EQUIPMENT:

183

nm i n u ilnn u I

II . I

n u n inn

TPF/KSC and PPF/WTR
i | i

• n • i nl nl L liD • nnlIZU

nn nu I n I I u inn

_ I n

• • , in • n i

Cradles
, iii, i

Transporter .....

n | n , i1,11

HANPOklER REQUIREHENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

_ i • i n i

n I

n I

n unlm

I I

I n

ii nn•n

0 N-HRS
iiii el

3 M-HRS
I

0 M-HRS
i

0 M-HRS

0 M-HRS
u : I

i M-HRS

i. _ M-HRS
i

n i i m n n

,4r. I_ '-It



TASKDESCRIPTION SHEET

TASK TITLE: PREPARE FOR INSPECTION AND CHECKOUT (1.1.5)
| ,[ , i | i • t | |i i i i,

TASK OBJECTIVE: TO place the Tug in a condition for Post Flight�Receiving
, i | I ii i i i

Inspection and C/O
ii i

, s i il i L i i i i .i i ,,= i • |i i

| , , | , , | |

TASK PURPOSE: To po.s.ition vo.rkstemds, provide access to installed subsystems

and connFct/checkou_ GS.E.
,! i i , . i i

121 Comsec Foul ,_.e_,,_

............ 19 I, Works, rand K_t

175 Stati, c Dessicant _it

Ii!, ,APS Breakout Co,nt_ol B o_

, | i

TASK LOCATION: TPF/ESC and PPF/WTR
, |. i l |

ii_ Checkout Access w_

TASK EQUIPMENT: 168 S_a_ecra_t Simulator 169 S_ace T_ Simulator

124 Cradle@ . .. !48 ,,Signal Cond Unit

183 Transport er
i , l, t i i i

118 Checkout Cable Kit
i • ,L

i_ ....Power Sys Test Set

161 Prop Pneum.atic Console

119 Comm Test Set •

127 Data ".... ..,R'tTest Set

..... ProDe]_en_O_ Pneumatic Control

Console

185 thbilical Kit
i • i i i |

...... lh_) Orbiter Simulator

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING
, I

QUALITY CONTROL

SAFETY
i

OTHER
i |

0 M-HRS
i

22.5 M-HRS
i |

o M-HR5

o H-HRS

o M-HRS
i

o M-HRS

0 M-HR5

I



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST FLIGHT/RECEIVING INSPECTION (1.1.6)
t , ii | | | rl

TASK OBJECTIVE: To determine subsystem physical condition, installation
i I i ii i i ul

Integrity and subsystem status where instrumentation is not feasible.
it i • llJl I i i. i , i i i t ill i ill i |

t I

TASK PURPOSE:

Identified.
|

• • t i ii ii •

To identify unscheduled M&R requirements not previously
• ill i ml m I I 't

, i| | , _ I i • i i i i

i i ,I i,i I i

• ,i L i |,,m , ,,,| ,

i

, i • i , i i

i

TASK LOCATION:

i i i ,

TPF/KSC and PPF/WTR

TASK EQUIPMENT: 12h Cradles
i i i

183 Transporter

191., Workstand Kit

| i •

| I ,,, i

I i I

L ,

i

,i , | i,

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH
i •

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY
i

OTHER

INTERFACE REQUIREMENTS:

n, t i

i i i , ,

2_

2_

8
I

, 20

16

0 •

0

| ,1|1 i

M-HRS

M-HRS

M-HRS

N-HaS
M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: P,_,FO.P_MPOST FLIGtt_= 0,/9 -- NAIN PROPL_SIO:I -- 2,mlE,,_ ' He PREss, (I.i " "'

TASK OBJECTIVE: To e_ermine _.in Propulsion Status. , , .

i i i • i - ,, J , L ,i ,

, , i , | , , ,,

TASK PURPOSE: To verif_ functione_ inte_ritM an_ interface of main_ropulsion

components_ verif7 _u__es, _erform leak checks and to calibrate transducers.

TASK LOCATION: T?F/KSC and PPF/_'R .........

TASK EQUIPMENT: 122 Cradl,es ,. lee

183 Transporter ' 18_

191

118

Workstand Kit , , 161

Checkout Cable Kit 117

12T ,, Data ?_t Test Set 180

119 Comm. Test Set ....

155 ,,Power SN,s.Test" Set

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECN

ENGINEERXNG

QUALITY CONTROL

SAFETY
, I i

OTHER
,i ,

INTERFACE REQUIREMENTS:

Signal Cond U_it

L_nbilical Kit

Pron Pne_p-,_ti_ Console

C/O Access _it

Environ Coolin_

, ,| ,|

16 M-HRS

0 IT-HRS

8.5 M-HRS

8.5 M-HRS

8.5 " M-HRS
WE

0 M-HRS
i i I

o M-HRS
i

_,_J



TASKTITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

PERFORM POST FLIGHT C/O - MAIN PROPULSION - COLD He PRESS. (1.1.7.2)
• i • i i i ii il

To determine Main Propulsion Status.
pi i i i I mR I • i I •

la a i l ii iI i i i i i i

S

I i I i • • ,. i i i,i

TASK PURPOSE: .....

components, verify purges, perform leak checks, and to calibrate transducers.
i L i i i i llm

, | , ,, , •

To verify functional inte_rity and interface of main propulsion

i li ii i l i i i

• , ,i i i 1 | • I

I i

TASK LOCATION:

TASK EQUIPMENT:

i ill I

."TF/KSC and PPF/WTR
i i i i i

12_ Cradles
i i i

183. Trans_ortero,,

191 Workstand Kit
I I i I

118 Checkout Cable Kit

127 Data !.'_tTest Set

119 Comn Test Set
II

155 Power Sys Test Set

MANPOWER REQUIREMENTS:

INTERFACE REOUI REMENTS:

PROPULSION TECH
i•

MECHANICAL TECH
e

AVIONICS TECH

ENGINEERING

QUALITY CONTROL
m

SAFETY

OTHER
i m

|,

i_8

18 ,

161
i ii

ll T

180

't63

i llll

i i

|

a |

Si_,nal Cond Unit

Umbiliqal Kit

Pro_ Pneumatic Console

C/O Access Kit,

Envi7on Cool Unit

Propellant or Pneumatic
C:ntr_l-@e_sole

iT M-HRS

0 H-HRS
i

8.5 M-HeS
8.5 M-HRS

8.5 M-HRS
LL

0 M-HRS

o M-HRS



TASK DESCRIPTION SHEET'

TASK TITLE: PERFORM POST FLIGHT C/O - MAIZ; PROPULSIOH - AUTOGENOUS PRESS. (Z.I. 7 _)
, i ,i • I i • • i ul i , ii m i |

TASK O_,]E_rXVE: To determine Main Propulsion Status
i |i ii s, , i | ' ' | , | • i L i

l ,,i • • , , ' " ' ' ' , i ,

TASK PURPOSE: To verify functional int?grity .and interfaceo f main propulsion

components, verif _ purges? perform leak checks, and to calibrate transducers.
i ,| i i , •

TASK LOCATION:

TASK EQUXPHENT:

TPF/ESC and PPF/WTR
H i | ,i

124 Cradles

183 .....Transport.er

191 Workstand Kit

118 Checkout Cable Kit

127 Data M_t Test Set

119 Comm Test Set
,i

155 Power Sys Test Set

, , , , ,a ,, ,, i |

148 Signal Cond Unit

185 [_bilical Ki_t

161 Prod Pneumztic Console

MANPOWER REQUXREHENTS:

117 C/O Access Kit

INTERFACE REOUI REHENTS:

180 Environ Cool Unit
'L '

PROPULSXON TECH

_CI4ANICAL TECH

AVIONICS TECH

ENGINEERXNG

QUALITY CONTROL

SAFETY

OTHER

163 Prop or Pneumatic Control Console

,Ji

,, , i ,,•

17 M-HP,S
i ,

0 M-HRS

8.5 M-HP,S

8.5 M-HRS

8."5 M-HP,S
i

0 M-HP,S
i

0 M-HP,S
i |

J



TASK DESCRIPTION SHEET

TASK TITLE:
PERFORM POST FLIGHT C/0 -- _,tqXNPROPULSION -- ZERO FPSH (1.1.7.4)

t i iiii i i •

TASK OBJECTIVE: To de terrain e Main Propulslon.Sta.tus...

I i i i ! I [ i i m i

TASK PURPOSE: To vert$_ functfopal tnte eTtty %nd Interface. of main propulsion

components I verify _ur_es. _erform.leak checks and to calibrate transducers.

TASK LOCATION:

TASK EQUIPMENT:

TPF/K_,,C and PPF/WTR

183

118

12_ Cradles
J m| t t , i u

Transporter
t 1 •

191 Workstand ._tt
| t i ,

C/O Cable Kit

127 .. Data _t Test Set

119 ConnnTest Set
it t |

MANPOWERREQUIREMENTS':

148

161

117

180

i

Signal Cond Unit

_bilical _t

Pro_ Pneunatic Console

C/O Access Kit

Envlron Cool Unit

_rop ur P._u_t_ Control Co=_ole

155 -. Power $ys Test Set .

o

PROPULSION TECH 16 ' H-HRS
t t

MECHANICAL _CH o H-HaS
t i t

AVIONICS TECH 8 N-HaS
i

ENGINEERING 8 H-HRS
i t

QUALITY CONTROL 8 M-HRS

SAFETY o M-HaS
i

OTHER o M-HaS
I i

INTERFACE REQUIREHENTS:

ii ii

i i t |1
,, |



TASK DESCRIPTION SHEET ""

TASK TITLE: PEI_FOR'4 POST FLIGHT CIO -- APS -- MONOPROPELL_-BLOWDOW_T (1.1.7.5)
, , i m , , i • i i , , i , i m

TASK OB4ECTIVE: To determine APS status.
ii IL I i |l I

I I • m, I I , ,

TASK PURPOSE: To vertf_fu, ncttonal tntegrtt 7 and Interface of APS componentsii i | | - | •

_erform leak checks

TASK LOCATION: _F/KSC and PPF/WTR

TASK EQUIPHENT: 12_ Cradles
i , i , i

16.1... Prod , Pne_natic Console

183 Transnorter !27, Data,-"_,tTest Set

191 ,T_rkstand,, ,Klt , ,, 119 Co_ T?st Set

163 Prop or Pneu Contr.Cons.l_ Power Sys Test Set

Iii ACPS Breakout Box i_8 Si?_al Cond Unit

I17 C/0 Access Klt 185 Umbilic_ _t

118 .... C/O Cable Kit 180 Environ CoQl Unit

MANPOWERREQUIREMENTS: PROPULSION TECH

HECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

i • ii

0

T
ii i

?
i ii i m ii i i

T

0
L "'L '"

0
i i i L t

M-HP..S

NmHRS

M-HP,S

H-HP.S

M-HRS

H-HP,S

R-HP,S

INTERFACE REQUIREMENTS:

m, =,



i
TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST FLIGHT C/O -- APS -- HONOPROPELLART-PRESSURIZED (1.1.7.6)
-, i i • J i i , ii

TASK OI_ECTIVE: To determine APS status.
| | i I __ i I!

i i i li I El a i | I i I a

i i i i | i i i i • i i m i i i

TASK PURPOSE: ,To ver,ify, functional,., .,, , integrity and. interfaces., of, .APS. components..

and perform leak checks.
[ I I I i

J I II • ii ii i ii • i i i ] • i

i I I ii i i ii i i

i

TASK LOCATION:

TASK EQUIPMENT:

I •

TPF/KSC and PPF/T_'I_q

12_ Cradles
i i

183 Trans_o.rter
| 4|. i

191 Workst and Kit 119
i ii i Jl

Prop or Pneumatic
163 Control Ccnsg_ _ 155

• 117
i

118
i ii

I_J_PO_ER REQUIREMENTS:

iii ACTS Breakout Box lh8
I |i a

C/O Access Kit 185
||

C/O Cable Kit 180
• i |

PROPULSION TECH
i

MECHANICAL TECH
I i

AVIONICS TECH

ENGINEERING

QUALITY CONTROL
e

SAFETY
_ i I

OTHER

INTERFACE REQUIREMENTS:

161 .Prop Pneur_tic,_ Console

127 Data :_rt Test Set
il .i _, ,i

Comm Test Set
i, H, ,i |

Pover Sys Test Set

Signal Cond Unit
i !

Umbilical Eit
i l

Environ Cool Unit
i _ I

26 M-HRS
i

0 M-HRS

13 M-HRS

13 M-HItS

13 M-HRS

o " M-HRS

o M-HRS
i i

i , i
-- ,i



TASK DESCRIPTION SHEET

TASK TITLE: P_,FO_ a POST _Z_ C/0 -_ A?@-- BIpROPE_.. (1.1:7.F)

TASK OBJECTIVE: To determine APS status.
J • i m im

i Hi i ii i llll i i i i i i_ , ill t i i

.......... , - i , | m u n, , ! , i | ,

TASK PURPOSE" T_..r,verif_ functional in.te_rity..and interface of APS

components., .an..d,perform leak checks ........

TASK LOCATION: _.F/KSC .and PPF/_R .......

TASK EQUIPMENT: 12M Cradles

183 Tran, sngrter

'161 Prop Pneumatic Console

12,7 nata _,_,tTes,t,Set

J

191 _orkstand Kit

Prop or Pneumatic
163 _nnt_-nl _n_nl _

, I12 CommTest Set

!5_ Power Sys Te,st Set

IIi _ ACPS Breakout Box , l h8 Signal _pnd Unit

I17, C(0 Access Kit , 18_ I_bilical Kit

118 C/O Cable Kit 180 ,,Envi,ronCoql" U_it

MANPOWER REQUIREMENTS: PROPULSION TECH 26 H-HRS
i J ,i

MECHANICAL TECH o M-HRS
i =|= , ,

AVIONICS TECH 13 H-HRS
e i i

ENGINEERING 13 M-HRS

QUALITY CONTROL 13 N-HRS

SAFETY 0 M-HRS

OTHER o M-HRS

INTERFACE REQUIREMENTS:

b -20

°



TASK DESCRIPTION SHEET

TASK TITLE: pERFOm4eOST FLIGeT C/O -- APS -- CeYOGE_ZC (1.Z.7.8)
• i i i i i i I

TASK O&JECTIVE: To cletermine APS status
.. i I II i ill II

, im i i , i i

TASK PURPOSE: To verii_ functional integrity a.nd,interface of APS components

and l_rform leak checks, inspect turbo punp bearings and shaft toroues

t

t

TASK LOCATXON: TT'F/ZCSCand PPF/WTR
n ]l

TASK EQUIPMENT: 12_ Cradles
i

183 __ ,,ansporter
I

191
i •

163

Workstand Kit
i

Pro; or Pneumatic

ACPS Breakout Box

C/0 Access Kit

c/0Cable Kit

iii

117

118

MANPOWERREQUXREHENTS:

INTERFACE REQUIREMENTS:

PROPULSIONTECH

_CHANXCAL TECH

AVXONICS TECH
|

ENGXNEERXNG

I_IAL;TY CONTROL

SAFETY
e

OTHER

161

127

. 119

155

lh8

, 185

180

|,

,,m t

t

t

Prop Pneumatic Console
i

Data _,_t Test Set

CommTest Set
i

Power Sys Test Set

Signal Cond Unit

Um.bilical Kit
,i

Environ Cool Unit

32 H-HRS

o M-HRS
Ii

16 M-HRS
i,

16 M-HRS
a

16 M-HRS

0 H-HRS

o M-HP,S

wl m ±



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST FLIGHT C_CKOUT -- AVIONICS (1.1.7.9)

TASK OBJECTIVE: To determine avionics status
i •

i| I ,m • " , ,

|1 , • m L . ., , i m i i | ., . .,,.

, | | , ,i i , .,

TASK PURPOSE: To verify functional integrity and interface of avionics
L I " " ' '

c_nponents and perform required calibration
, , . _ q i i , ,i

TASK LOCATION:

i_6 Prim Batt C/0 Kit
1 i

TPF/ESC and PPF/WTR 121 Comsec E_uipt
l i . , i i

TASK EQUIPMENT: 124 Cradles lh8 S,i9nal Cond Unit

302, 30_, 307

Software

Computer

Programs

183 Transporter

191 Workstand Kit

118 Cable Kit
. , , |

119 Comm Test Set
! , | ..

%69 T__u6,,Simulator

144 Lazar Radar C/0 Kit

168 Spacecraft Simulator

174 Star Tracker Sim

127 Data r._t Test Set 149 Orbiter Sim_l_tor

155 ..Pox.'er S.vs Test Set 180 Environ Cool Unit

MANPOWER REQUIREMENTS: PROPULSION TECH

NECHANICAL TECH
ii i

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER
i

0 M-H_

o I_..H_

48.5 H-HRS

69 M-HRS

lo M-HRS

o M-HRS

0 M-HRS

INTERFACE REQUIREHENTS:



TASKDESCRIPTIONSHEET

TASK TITLE: PEP FORM POST STORAGE C/O - MIIN PRO._/LS!ON - _IL'_T He PRESS. (1.1.8.1):
ql : i , i • , m , i i

TASK OBJECTIVE: .?° determine_ Main_ Propulsion.. . Status.

TASK PURPOSE: To verify functional integrity and interface of. main pro=ulston
i i • | | ,m m i ii i " i

..¢_ponents, verify purges, perform leak checks and to calibrate transducers
, ,,, • Jl i i i i | i

L II I

I . I II I

' I I II

TASK LOCATION: 'Z'PF/rsC and PPF/WTR
II I

TASK EQUIPMENT: 12h Cradles
, m i it i

183 Transporter

• i,

. :%.*',8. si a:zeone unit

19,i Workstand Kit
i .. --

161 Prop Pnem?atic Console

118 Checkout Cable ._t i17 C/O, Access Ki,t

12T, Data _ Test Set.. 180
ii ,

Environ Cooling

119 ComJuTest Set
i i J,

155 Power STs Test Set

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING
i,i i

QUALITY CONTROL

SAFETY
I

OTHER

6o H-HRS
e

0 M-HRS
J I I I I ,

30 -- M-HRS

30 N-HRS
i N ii

30 M-HRS
J

0 M-HRS
i|1 i

0 M-HRS
z

INTERFACE REQUIREMENTS:

i i L i •

'--" ' , i i • J l,



TASK DESCRIPTION SHEET

TASK TITLE: PERFOP_ POST STORAGE C/O - .MAIN PROPULSION - COLD He PRESS. (I. i. _ .2 )
u i i l . LI i el , . i ii . ,i

TASK OBJECTIVE: To determine Main Propulsion . Status
i i i i i i,,m ii i

,,i , | • | i | • ..... ii

TASK PURPOSE: To verif 7 functional integrity and interface of Main Propulsion

components, verify purges, _erform..leak checks and to calibrate transducers.

, , , i I

TASK LOCATION: TPFIKSC and PPF/WTR

TASK EQUIPMENT: 124 Cradles
L J " I , , J

183 Transporter
i - i i ,

,,,, , , ,, ,

148 Signal Cond Unit

191 Workstand Kit
i . i i| .

118 Checkout Cable Kit

127 Data _gt Test Set

119 Comm Test Set
T

155 Power Sys Test Set
. , L

185 Umbilical Kit
'L • m H

161 Pron PneumaticConsole
r, .... "

I17 C/O Access Kit
ml ,,,L I, I

180 Environ Cool Unit

163 Prop or Pneumatic Control
........ qonsole

i i

68MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH o
, ,i ii

AVIONICS TECH 3h

ENGXNEERXNG 3z_

QUALITY CONTROL 34
, , i

SAFETY o
, i ii

OTHER o

M-HPS

M-HP,S

H-HP,S

M-HRS

M-HP,S

M-HR5

M-HRS
/

INTERFACE REQUIREMENTS :

•



TASK DESCRIPTZON SHEET _ "....

TASK TITLE: PERFORM POST STORAGE CHECKOUT - MAIN PROPULSION - AUTOGE_OUS PRESS. (i.i.8.3)
l . m, t . , i .L •

t

TASK OB_)ECTIVE: To determine '4ain Propulsion Status
ii i i i t i i• t t l

|, t i i L "" |

I tl ,,, 't m,I , , • , •

TASK PURPOSE: To verify functional integrity and interface of main propulsion

components, verify pur_es, ..perform leak checks to calibrate transducers.
,, , • , I i i t t Ha

• t I ',L I ti • I ,, ,I tl

U I I, I I I ,, , ,- ,, I

P

t ! ,i i u [ ,,

TPF/KSC and PPF/WTR
.ii

!2h Cradles
i !

183 Transporter

TASK LOCATION:

TASK EQUIPMENT:

191 Workstand Kit

118 Checkout Cable Kit
i it i i i

127 Data _._t Test Set

119 Com_u Test Set
i 1 t i

155 Power S,ys Test Set

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH
_ L ,

AVIONICS TECH

ENGINEERING

QUALITY CONTROL
i

SAFETY

OTHER

INTERFACE REQUIREMENTS:
m ,

| t t t t| •

, !48 SiEnal Cond Unit

18_ t_.bill,.calKit

1.61 Prod Pnevmatic Console

I17, C/0 Access Fit

180 ,En.viron Cool Unit

rrup OZ" PAA_L_tI_ _O'_e"O I

163 CQpsole
, i i

51_ H-HRS
i i i

0 M-HRS

27 H-HRS

27 H-HRS
i

27 M-HRS

0 M-HRS

0 M-HRS
i

,, • I ,, , I , ,i L



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STOP.AGE C/O - MAIN PROPULSION - ZERO NPSH (l.l.8.h)

TASK OBJECTIVE: To determine. Main Propulsion Status

TASK PURPOSE: To verify functional integrity and interface of main propulsion

components, verify purges, perform leak checks, and to calibrate transducers.
i k | m| ,

TASK LOCATION:

TASK EQUIPHENT:

,m

TPF/KSC and PPF/_£R

12h lh8

z8} z85

l?Z. 16z

lZ8, Z_T,

12T zSo

ll_ 163

• 155

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

Cradles ..

Transporter , ,

l¢orkstan d Kit

C_O Cable Kit

Dat_ M_t Test Set

Comm Test Sqt

Power Sys,,Test Set

PROPULSIONTECH
iii i

MECHANICAL TECH

AVIONICS TECH

ENGINEERING
i

QUALITY CONTROL

SAFETY

OTHER

ii , ,

Signal Cond Unit

Umbilical Kit

Pro D Pneunnatic Console

c[o 'Access Fit

E_v_rop Cool Unit

Prop or Pneumatic Control
..... Console

, ,52 _ M-HRS

o M-HRS
i i i i

26 M-HRS

26 H-HRS
H

26 M-HRS
a

o M-HRS
| H ii i i

o H-HRS

,z-,S-



TASK TITLE: PERFORM POST STORAGE C/O -- APS - MONOPROPELL_NT BLOWDOW_ (I.i.8.5)
I : _ ira| • I i ii i i I | i i I I

TASK OBJECTIVE: To deter_1ne APS status
L i ii i i u i i i la i i

• ilL I I i i • I i i II i I

I ill in J li I I ml i I i I i i i i i i i i i I In I I i

J i i i i • I • I i i i i i i,i

TASK PURPOSE: To ver_f_r functional Integrity and L tn_.erface of APS eom_, nen ts,

perform leak cheeks ..............

I . i i i i i i I ii i i I

, i el • li i I i , m i i I i i I m. • I

i , li im i i i _ i m I i I

~
im I II , mm ! i i i i m i I I i i i I

, • ,, i i ii ira, ,,, ,, i i i ,,m i i I i

TASK LOCATION:

TASK EQUXPMENT: 12h Cradles

,183 Transnorter

191 T_rkstand _dt

Pro_ or Pneumatic
r163 _gntrol Consol_

Ii! ACP_S Breakout Box
l i i i i | i

,,117, e,/9,Access Kit ,,

118 .C/O Cable Kit
i i • i ,, ,,

MANPOHER REQUIREMENTS:

161 P_nn _-,,_at_P Console

,i

lh8

i i ,,, i

180
, a il

119 Corm Test Set
j i , ,

15_. Power Svs.Test Set

Signal Cond Unit

Umbilical Kit
I , m, a

Environ Cool Unit
,| i,

PROPULSION TECH 22 M-HRS
i i i , , i,

I_CHANICAL TECH 0 H-HRS
i i, i

AVIONICS TECH ii M-HRS

ENGINEERING Ii H-HRS
i

QUALITY CONTROL ,, 1! M-HRS

SAFETY o H-HRS
i i m.i i i i

OTHER o H-HRS
| i, , • i

INTERFACE REQUIREMENTS: • _ . ,

i , m,l I I I l II ,i l , ,i L I I I •

• i i ii I i m m , .........



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE C/O - APS - MONOPROPELLANT PRESSURIZED (1.1.8.6)
ii L i ml I ,i i i, ,

TASK OBJECTIVE: To determine APS status
I e i ,i , ,

• , | | t ,,m I i , i , i i

L , , i , , , i , i, i i, |i• i • ii • ,, i ,

i ,i

TASK PURPOSE: To verify functional 'integrity and interfac e of APS components

and perform leak checks •
i , i i , |1 i i ,

i i i i , ii ,L • I I , ] [ , , I I ' ' " ' I

TASK LOCATION:

TASK EQUIPMENT: 122

183

191

-16B
i I

MANPOWER REQUIREMENTS:

i | i , • i

TPF/KSC and PPF/WTR
i i i

Cradles
| i |q i • , i

Transporter
I ,- , i,|

Workstand Kit

Prop or Pneumatic

Control Console

iii ACPS Breakout Box
] I | i el i

LIT C/O Access Kit
i | ,m ,, i i

118 C/O Cable _It

PROPULSION TECH

MECHANICAL TECH
i |

AVIONICS TECH

ENGINEERING
i i ,

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REOUi_NENT$:

161

127

119

155
, J

148
. L '

185
• l

180

. i. . ,

0
a w i . i

m,, , m, • ,.

.i i

Prop Pneumatic Console
i i ,L

Data M_t Test Set

Comm Test Set
L |

Power Sys Test Set

Signal Cond Unit
i

t_bilic al Kit
i ,i

Environ Cool Unit
! , i

36 M-HP,S

o H-HP,,S

18 M-HRS
, , i

18 N-HRS

18 M-HRS

,,

M-HRS

H-HRS

'' ' , i , , ,



TASK DESCRIPTION .SHEET

TASK TITLE: PE_rOe,M POST STORAGE C/O - APS T BIPROPEL_NT (i.I.8.7)

TASK OBJECTIVE: -To determine A_S status

,, , , | i | tl u, J , • • t , i ,

TASK PURPOSE: To verifzfunctional integrity and %n_erface Of APS c_ponents

_d perform leak checks .....

ii | i I |, i l

t i

• | i an, t , tl | |

TASK LOCATION: TPF/ESC and PPF./_ .............

TASK EQUIPMENT: 12_ Cradles 161 Prop P_,_Atte Console

•18_ , Transporter . , 163 Prop or Pneumatic Contrcl Console
,|

i_1, ,,. Worksts.e _ ___ ,.-- .

lO1 ACPS Mod Pres Kit

Iii ACPS Breakout Box
, • -, ,i m i _ i ] i

i17 C/O Access K/t
,i i ii, i , | ,,i l, ii

118 C/O Cable Kit 180 Environ Cool Unit

MANPOWERREQU! REHENTS:

INTERFACE REQUIREMENTS:

PRO_LSION TEC. .... 5q. M-HRS

MECHANICAL TECH " 0 H-HRS
e

AVIONICS TECH 25,, M-HRS

ENGINEERING 25 M-HRS

QUALITY CONTROL 25 H-HRS
i el

SAFETY 0 M-HRS
m

OTHER 0 M-HRS



TASKDESCRIPTIONSHEET

TASKTITLE: P:.--_2_lt'_ POST STORAGE C/O - APS - Ce¥OG_IC (1.Z.8.8)
........ ,, i i I

TASK OBJECTIVE: To cleter:aine APS status
i

.j

ii J i i i llli nil

TASK PURPOSE: To verify functional integrity and interface of APS components

aad perform leak checks, inspect turbo pump and shaft torques
, i i i i ,

I

i

i i ' |

TASK LOCATION: TPF/KSC and PPF/_
• l i ,i

TASK EQUXPI_NT: !.22 , Cradles . 161

183 Transporter 127

191
,m ,

163

IIi ACPS Breakout Box 148
n i, l , u in ,

117 C/O Access Kit 185
i

118 C/O Cable Kit
| m i

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

P_op 1_neumatic Console

Data ,_._,t Test Set

Workstand Kit 119 Comm Test Set

Prop or Pneumatic
Control Console 155 Power Sys Test Set

Signal Cond Unit

Umbilical Kit

180 Environ Cool Unit

PROPULSION TECH 8zL M-HRS

PIECHANICAL TECH 0 M-HRS

AVIONICS TECH 22 M-HRS

ENGINEERING 22 M-HRS
| •

QUALITY CONTROL 22 M-HRS

SAFETY o H-HRS

OTHER o M-HRS

,, , ,,,



TASK DESCRIPTION SHEET

• TASK TITLE: PERFORM POST STORAGE C/O - AVIONICS (1.1.8.9),
,-- I i i i ii

TASK OBJECTIVE: To determine avionics status
m • el

,
i i _ i i i roll i|

I n • I I m mum in IL im • n n

N J nnnn un nil n Imm n I n n m nl

TASK PURPOSE: To verify functLonal integrity and Interface of avionics "
i ii | I ! i i im i I i i m i ii

e_ponents and perform required calibration.
i i mini ii i

n u L I i m i m nn I n

I n in nnl L i inl nL nl i. n in n I

156 Prim Batt C/O Kit
i ii I I i i a i | i i i i i i

121 Comsec Eoui_t
lu | i 1 I I u nu nl ul i i i i _"

TASK LOCATION: TeF/K_C and PPF/WTR
ii i i ! i I

TASK EQUIPMENT: 12T Cradles
I •

302, 304, 305 183 ,.."_an_-_r_-.___.T.--

& 307 COMPUTER 191 Workstand Kit
. li i

PROGRAMS 118 Cable Kit
• iin

119 Comm Test Set

127

155

IMNPOHER REQUIREMENTS:

INTERFACE REQUIREMENTS:

n n ,,n

Prop Utility Comp Test Set

148 Signal Cond Unit
i | i i i I

/

159 Orbiter Simulator
i •

168 ...... S_acecraft Simulstor

174 Star Tracker Sim
, ii _ - , ,_, ,i i al

Data ?_t Test Set
im i |ll i i iii, . ., .

Power Sys Test Set 180 Environ Cool Unit
i i ii • •

PROPULSIONTECH 0 M-HRS
i i i iii

MECHANICALTECH o M-HRS
I

AVIONICS TECH . ,32,7 M-HRS

ENGINEERING 99.5 M-HRS

QUALITY CONTROL 10, M-HRS

SAFETY o M-HRS
I

OTHER o M-HRS
u u n

u nn



, TASK DESCRIPTION SHEET

TASK TITLE: PERFORM ]_EW TUG c lO - iie_N PROPLISION - AMBIENT He PRESS. (1.1.9.1)
u .i , i i , , -- , . |,

TASK OBJECTIVE: To determine Main Propulsion Status
ii| ,i i| tl. , , .

J

i i i I • i | la II i • i i , i

,m i , i _ ,i , | • J i ,, • i , ,,

, • , i i , i , |1 ,, i ,,11 , '|' | ' L

TASK PURPOSE: To verify functional integrity and, interface of Main Propulsion
l i | |., i • ,, i , L

components, verify purges, perform leak checks, and to calibrate transducers.
J,L l , w , , •I I | I I ' I | . , . ,

I i ., , • , i • i i ,. I | ' ' ' L

........ .. ,,,, i.. |"i I i l I

TASK LOCATION: TPF/KSC and PPF/WTR
t . , ...,.

TASK EQUIPMENT: 12_ Cradles lh8 ,,Si_nal,Cqnd Unit

183 Transporte r .... 18_ Umbilica _ Kit

191 Workstand Kit 161
| , ,

Pro_ Pneumatic Console

118 Checkout Cable Kit 117 C/O Access Kit

127 Data .MEt Test Set

119 Com_n Test Set

180 __nviron Cooling

Prop or Pneumatic
163 Control Consnle

125 power sTs Test Set

MANPOWERREQUIREMENTS: PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

INTERFACE REQUIREMENTS:

QUALITY CONTROL

SAFETY

OTHER

. , ,i i

,i

i, i i [

60 M-HRS
i

o M-HRS
im

30 N-HP_

30, M-HRS

30 H-HRS

o M-HPS

0 M-HRS

J



TASK DESCRIPTION SHEET

"

TASK TITLE: PEXFORM NEW TUG C/O - MAII; FROI_LSIO._ - COLD He PRESS.

TASK OBJECTIVE: To determine Main Propulsion status .....

(l.l.9.2)
ii i

i i

TASK PURPOSE: To vertf_r fUnctional integrity and interface of Main Propulsion
I ,,,,, i

components, verify purges, perform leak checks and to calibrate transducers
fit i i I

|

I i i|1 i L I I i i i

| | i

TASK LOCATION:

TASK EQUIPMENT:

I I

TPF/KSC and PPF/WTR
I l

!2k Cradles

183 Transporter

. ,i i

lh8 Signal Cond Unit

191 Workstand Kit

185 Umbilical Kit

118

. 12T

119.

z55

161 Pro_ Pneumatic Console
i [i

MANPOWER REQUIREMENTS:

Checkout Cable Kit
i

Data Mgt Test Set

CommTest Set
II i

Power Sys Test Set

1%7 C/O Access Kit

180 Envlron Cool Unit

Prop or Pneumatic
16 3 _nntrnl Cnn_nle

i m i i

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

_.l'Pt CI)Ifl'ROL

SAFETY

OTHER

68 H-HRS

0 N-HRS

N-HaS
3J_ M-HRS

3h M-HRS

0 r M'HRS

0 M-HRS

INTERFACE. REQUIREMENTS:



TASKDESCRIPTIONSHEET

TASKTITLE: PERFOP_4 I_W TUG C/O - MAIN PROPULSION - AUTOGETOUS PRESS. (i. I. 9.3 )

TASK OBJECTIVE: To determine Main Pro1_ulsio,n.. Status
,,H, - H , • , m|

J

m ,,, , 'J , " ' ' '

TASK PURPOSE: To verif_ f_nctional inte_rit_ and interface of .Main Propulsion

components, verify purges, perform leak checks and to.calibrate transducers.

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR
i , J ii i

124 Cradles
i , H ,l ,

18_ Transporter .

l_l Workstand Kit ,

_1.18 Checkout Cable Kit

197. Dat,a. M4_t Test Set

119 Comm Test Set

15._ ..,Power Sys Test Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

MANPOWER REQUIREI_NTS :

INTERFACE REQUXP,EMENTS:

,m , , , , ,

148 Signal Cond Unit

18_ Umbi!ical Kit

161 ..Pro_ pneumatic Console

i17

180

163

C/0 Access Kit

Environ Cool Unit

Prop or Pne_atlc
Control Console

, ,!

5h M-HRS

o H-HRS
i| i i

27 H-HITS

27 M-HRS

27 M-HRS

0 M-HRS
t

0 M-HRS
, ,i i .L ,

..._...J



• TASK DESCRIPTION SHEET

TASK TITLE: P'RFOK_ _EW TUG C/O - r_:z PROPOLSZON - ZERO NPSH (l.l.9.h)
.| • | i i i i

TASK OBJECTIVE: To determine Main Propulsion S'_&tus
i In I

i I l I I I IBI IR IIIII I II I I I I

l al I I I • iii I I I I I I l II l i I i

I I i II I I L IJ I I i ii i I

TASK PURPOSE: To verify functional integrity and interface of main propulsion
i I a i i Hi • i • ii i i i i I

, C .am.pon.ents, Terif_,, purges, perform leak ,checks'., , and to,, calibrate, transducers.

ii i i i I I L . ,i m i

i | I ii IL I I i| •

TASK LOCATION:

TASK EQUIPMENT:

191
I e i i

118
i

127

119
u

155
-- i •

MANPOWER REQU! REHENTS:

L

• , • • .. m!

TPF/KSC and PPF/WTR
• |a i

12_ Cradles 1_8
i i | I I i| i

183 Transporter 185

Workstand Kit 161
il I i ,

C/O Cable Kit

Tes Set
Comm Test Set

I , i| ,

Power Sys Test Set
• L , iL

PROPULSION TECH

HECHANICAL TECH
I

AVIONICS TECH

ENGINEERING
|.,, | m .

QUALITY CONTROL

SAFETY

i

OTHER

INTERFACE REQUIREMENTS:

i| i ii •

i i

Signal Cond Unit
ml l

t_nblli cal Kit

Prop Pneumatic Console
I

117 l C / 0 Access Kit
l in

180 , .Env.tron Cool Unit

163 Control Console

/

52 H-HRS

0 - M-HRS
ii i

26 H-HRS
i i

26 H-HRS

26 H-HRS
I

0 H-NRS
i

0 M-HRS

L n '



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM NEW TUG C/O - APS - MONOFROPELLANT BLOWDOWN (i. I. 9.5)
i i ,t i

TASK OBJECTIVE: To determine _S status
| i .: i i | |

• i t t , ,, t , ,m ii , , i , '| " , , i

TASK PURPOSE: To verify f%mctional integrity and interface of _ components
i m t : ii i _ i

and perform leak checks.
. = • i t i | • i .i , ,l ,t ' ' l

t m i t t | .m t | , :

TASK LOCATION:

TASK EQUIPMENT:

i i i i_ i | i t ,m j ,,

  '/Ksc Me PPF/ R
| i| i |ll, | i i

124 Cradles 161 Prop Fneumatic Console
,| , .1 m t . : , .t

183 ,TransPorter 127 Data !_gt Test Set
, ,, _ i , , ,,,|,

191 Workstand Kit

Prop or Pneumatic
_'163 ......C_ntro! Console ....

iii ACPS Breakout Box
t i , i ,,

117 C/0 Access Kit
. ,m , i ,| i

118 C/0 Cable Kit

119 Co-.. Test Set
., .....

155 Power Sys Test Set

148 Signal Cond Unit

185 Umbilical Kit

180 Environ Cool Unit

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

PP H-HRS

0 M-HRS
I'L L •

ii M-HRS

ii M-H_
, • | i , ,|i

11 M-HP_
i ill ii

o M-HRS

o M-HRS
i , i i u, •

INTERFACE REQUIREHENTS:

V



TASK DESCRIPTION SHEET

TASK TITLE: PERFO_ _ZW TUG C/O - APS - MONOPROPELL_NT - PRESSURIZED (1.1.9.6)
i I i ii i it iiiat n

TASK OBJECTIVE: To determlne APS status

i I i i i i|11 n i • i I

TASK PURPOSE: To verify functional integrity and interface of APS components
i i i ai II ii

and perform leak checks.
I iii i I i, lira i i

i •

i

i I |l ,IL i II

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR
|

124 Cradles

i --" --° --_ ...... | i!

191 Workstand Kit
Prop or Pneu=atic

163 . Control Console .

iii ACPS Breakout Box

I17 ,C/O,Access, Kit

118 C/O Cable Kit
i q

MANPOWERREQUIREMENTS: PROPULSIONTECH

MECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

| i I i i i

i

161

, __27

I!,Q

180

i i i

Pro_ Pneumatic Console

Data M_t Tes% Set

Corm Test Set

Power Sys Test Set

Signal Con_ Upit

t_bilical _.K.it_

Fnviron Cool Unit

36 M-HRS

o M-HRS
i i

18 H-HRS

18 M-HRS

18 M-HRS

18 H-HRS

o N-HRS •



TASK DESCRIPTION SHEET "_-

TASK TITLE: PERFORM NEW TUG clO - APS - BIPROPELLAm_ (1.1.9.7)
i ,|, _ • " ' "' .......

TASK OBJECTIVE: To determine APS status
.., ... . i i| • i i i

...j

TASK PURPOSE: To verify functiona ! integrity and interface of APS components

and perform leak checks

,, , ,n i ,,, ,, , ,, i , i ,w J .i ,,

TASK LOCATION: TPF/KSC and PPF/WTR
-- |, m i . .-

TASK EQUIPMENT: 12h .Cradles 161. Prop Pneumatic Console

183 Transporter !2_ Data?,_t Test Set

191 Workstand Kit

, Prop or Pneumatic

163 Control Console

!19 Comm. Test Set

155 Power SZs._est Set

iii .... ACPS Breakout BOx lh8 Signal Cond Unit

lit C/0..Access Kit ...... 185 Umbilical Kit

118 C/O Cable Kit , 1B_0.. -Whviron Cool Unit

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

50 M-HRS

o M-HRS
, I , |l

. 25.. H-HRS

25 M-HRS

:>5 M-HP,S
,m

0 M-HP,S
i ii i

0 M-HRS
i

INTERFACE REQUIRF.MENT$:

.j



TASK DESCRIPTION SHEET

TASK TITLE: P-:_oe.'_ :;_ TUG C/.O - _S CRYOO_IC (1.1:,9.8) ..... ,,

TASK OBJECTIVE: To determine APS status
__ i in in i I i i i i

n i n i n I |

/

TASK PURPOSE: ,.To veri_ / functional integrity and interface of APS components,

perform leak checks, inspect turbo _u=D bearings and check shaft torque.

l ! ii! I I I I L I I i ii I i , |, , ,ii

• , ii i , ,, , - , -, n i I, , i n i

• ,, , i i nnL un 11 n un i, I I •

u_ nl n m i n nu _ n n

nu

TASK LOCATION: _F/KSC and .P?F/_e .....

TASK ;_,P'-_NT. !2_ Cradles 161
| _i I i ,

183 Transpo_er 127
, I I i i u| i, ,,

191 Workstand_it
, ! ,, i i i

Prop or Pneumatic

163 Control Console 155

Prop ,Pneumatic Console

119 CommTest Set

ili ACPS Breakout Box !h8
• i! | • ,i i

117 C/O Access Kit "185
I i I i L

118 C/0 Cable Kit 180

i i

n nu i i

m ''l nl

il

• nl il

MANPOWERREQUIREMENTS: PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITYCONTROL
SAFETY

OTHER

INTERFACE REQUIREMENTS:

Power Sys Test Set

Siena! Cond Unit
i i

Umbilical Kit

Environ Cool Unit
, a

8_ M-HAS

o H-HAS
i n i

h2 M-HAS
ii i

_2 M-HAS
m e |

_2 M-HAS
e i

o M-HAS
a , ,,,, ,

o M-HAS



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM NEW TUG ClO- AVIONICS (1'1.9.9)
in i , ,, m i

TASK OBJECTIVE: To determine avionics StatUS
JL HI I |m i i i i I

TASK PURPOSE: To verify functional integrity and interface of avionics

components and perform required calibration
, i , , ii , , i i

in ,i, ,i ,, , - ,, , ,

TASK LOCATION:

159

156

TPF/KSC and PPF/WTR 121
ii

PU Cqmponent Test Set

Prim Batt C/0 Kit

Comsec Ecui_t

TASK EQUIPMENT: 12_, Cradles
i

lh8 ..Signal Cond Unit

302, 3Oh, 305

& 307 COMPUTER

PROGRAMS

183 Transpqrter 169

191 Wqrkstand Kit lh8

ll8 CableKit 168

II_, Comm Test Set . • ITh

Tu_ Simulator

Orbiter Simulator

Spacecraft Simulator

Star Tracker Sim

127 Data ,._]_tTest Set .......

15_, Power S;/s Test Se_ , 180 Fnviron Cool Unit

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH
, | , ,,

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER
L

o M-HRS

o H-HRS

_8. _ M-HRS

10 M-HRS
i

0 M-HRS

0 M-HRS
ii • i

L_ ' , , , ,



TASK DESCRIPTZONSHEET

TASK TITLE: PREPAY/UPDATE M_, SC._b_E (1.1.19)

TASK OBJECTIVE: To provide fine1 update of M&R schedule prior to accomplishtnK
i i

tms@heduled M&R tasks
,, , | !

TASK PURPOSE: Incor_rates unscheduled M&R recuir.ements resulting from _st

_tght/receivin_ inspection and post flight, post storage,, and new tu_ checkout.

t • t m

|

TASK LOCATION: TPFI_C and PPF/WI"R

TASK EQUIPHENT: 12T Data M_ Test Set

MANPOHERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSIONTECH

HECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER
i

0

0

0

z_

o

R-HRS

Iq-HRS

Iq-HRS
i

M-HRS

H-HRS

M-HRS

M-HRS

e,, 6-,F/



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM STRUCTURE/MECHA_IICAL M_R (i. 1. ii)

TASK Oi_ECTIVE: To correct structure/mechanical subsystem discrepancies
m , i ,, •

TASK PURPOSE:

MaR tasks requiredto maintain/restore the Space Tug to satisfactory condition.

The magnitude of this task will vary with the configuration and each individual

mission.

,, ,m , , ,, , i , ,

This task is primarily concerned with the performance of unscheduled

i i i

,, , ,,, i ,

TASK LOCATION: TPF/KSC and PPFI_R

TASK EQUIPMENT: 12}_ Cradles

18_ TransPorter

191 .__brkstand Kit

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

17

0

M-HRS

M-HRS

M-HRS

0 , M-HRS

0 M-HRS

,0 M-HRS

o M-HRS
ii |

B->--d;a.---



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM PROPULSION _.I&R(1.1.3.2)
iN m I m i

TASK OBJECTIVE: To corrent Propulsion subsystem discrepancies
|1 ! in

I i I J i i | i

TASK PURPOSE: This task is _rimarily concerned with the _erformance._of unscheduled

M&R tasks required to m...aintain/restore the Space Tu_ to an operable condition.

The ma_nltude of thls t%sk ,will var 7 with. the configuration and each Indivldual

missions.
J i i i i |i

,|,

TASK LOCATION:

TASK EQUIPMENT:

i i , ,,

TPF/KSC and PPF/WTR

124 Cradles
i m

183 Trausporter
i

• , I

, ,,, I

160 Prop Comp Repair Kit
,=

191 Workste_,d Kit

130 ,EnF,ine, Actu_.tio_ Fixture

13! En_Kine Ali_n Kit
_ ,, -- • ..,, ,,

132
i

Engine..Handlin_ Kit

133 Engine Position Fixture

MANPOHER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

HECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

,,m

I ,

• I

I

1_, M-HRS

o M-HRS

0 H-HRS

o H-HRS
| .

0 M-HRS
i i i

o M-HRS
i

0 N-HRS



TASK DESCRI?TION SHEET,

TASK TITLE: PERFOeM AVIOI;ICS ._I&R (1.1.13)

TASK OBJECTIVE: To correct avionics subs_s_een discrepancies

mJl • ,

, , , , m , ' |"

TASK PURPOSE: This task is primarilyq0ncernedwith the performance of

unscheduled..H&R tasks resulted to maintaln/restore the Space TuR to an operable

condition. The magnitude of this task will vary _th the confi,_uratlon and

each individual mission.

.... , ,|

TASK LOCATION:

TASK EQUIPMENT:

304, 305 & 307

COMPUTER

PROGRANS

TPF/KSC and PPF/WTR

12h Cradles 143 Guid &Nav System C/O

i

183 Transporter -_

191 Workstand Kit

115 Batter_ Handlin_ Kit .... 159

142

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PU Test Set

, , |, ,J • ,i
164 Battery C/O Kit

174 Star Tracker Test Set

Guid &Nav Test Set

PROPULSION TECH

MECHANICAL TECH
,| i

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY
i i

OTHER
,i

0

0

32

0
i,

0
i

0
i

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

,..j'



TASK TITLE:

TASK DESCRIPTZONSHEET

r,._vE xe,e GSE (Z.Z.:]._)
-- i __ , i i i i

TASK OBJECTIVE: To clear area around the Tu_ to permlt transfer to prelauneh
• j i in i| = i • , , ,=, ,

i i • i i I -- , | i i ml n i i

TASK PURPOSE: To disconnect and remove GSE, required during M&_ to a position
i i | l = e I i • I • =

which permits unobstructed movement of the _g.
i i l=| i • • m i

i i i= = i• i ,

TASK LOCATION: 'Z'PF/Z_C and PI:_',fT_r'_X
i

TASK EQU| PI'4E,NT: -'-;" Craa-"l-e_
i m

183 Transporte r
i i i |l

191 _orkstand Kit

i ii I

|i I l i |l

RANPOMERREQUIREHENTS: PROPULSZOHTECH

HECHANICALTECH

AVIONICS TECH

ENGINEERING
i

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:
• =l

i i

i

i

I i i

o H.,.HRS

b H-HRS

o H-HRS

o H'HRS

• _ H-HP,S

o = H-HItS

o H-HRS

i i

| i i i illl .m



TASK DESCRIPTION SHEET

TASK TITLE: RECEIVE FSE AT TPF/PPF (i.1.15)
| n . l

TASK OBJECTIVE: To physically enter FSE into the M&R cycles. This task and
= .. , ii l i l I I I --..-_

subsequent tasks consider (1) :few FSE, (2) FSE from post landing operations
.......... ,, i .,

and (3) FSE from store4e.
L i .l | i l , |,

TASK PURPOSE: To inventory FSE. _'_ep_@ routin_ ta_s and.transfer FSE to aD.

DroDri_te work area.

........... i , ,,i , , , , ,

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPMENT: 13_ ' Equ_pt Van ,,

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH
, i

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY
ii

OTHER
L i , nL

0

0
J

0
ii i

0

0
i|l

3
i i

INTERFACE REQUI REMENTS:

M-FIRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE FOR INSPECTION (1.1.16)

TASK OBJECTIVE: Perform those tasks required to facilitate inspection
u_ i n i t. t m i J " i

, , • ,i |, | m , ,- •, ,, - q

TASK PURPOSE: Separate tilt table from Tug, clean FSE external, surface,

position/connect GSE and perform self check.
i , .. . .- . • • -. [ i q

.|

TASK LOCATION: TPF/KSC and PPF (WTR)

TASK EQUI PMENT:

t ii

124 Cradles

i83 Transporter

i_i .Workstand KIt .......

181 Tilt Table Handlin_ Kit

m |

MANPOMERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

,|

• i i

q M-HRS

],6 . ,, H-HRS

o - N-HRS

0 J.. R-HRS

o H-HRS

0 H-HRS

o M-HRS
, t

i • , , ,

, t ±

! | |

i
/

• ml i



TASK DESCRIPTION SHEET

TASK TITLE: _RFORH FSE POST FLIGh_/RECEZVT_]G..... _SPECTION (1.1.17)

TASK OBJECTIVE: To determine FSE physica:l condi1;ion, installation integrity
i i i • i i m , . ,,i

and FSE status vhere instrumentation is not feasible.
|1 i ii i m i i. l I i.i .. ,, i i

L I I |, • II I . I, I I I I I I,II I IL I , I

I 1 ' I I |, ,,.

TASK PURPOSE:

, , | , ,

To identify unscheduled M&R requirements not previously identified.
,| .m ii i | i .i i . i i

ii l i ....

L

TASK LOCATION:

TASK EQUIPMENT:

i | , , ,, m ,

TPF/KSC and PPF/WTR ........

V

MANPOWER REQUIREMENTS:

INTERFACE REQUI REMENTS :

, , i ....

PROPULS ION TECH _ M-HRS
L m I

H£CHANI_L TECH 11.5 M-HRS
J , 1

AVIONICS TECH 12 M-HRS
i m

ENGINEERING o M-HRS
,, i i

QUALITY CONTROL 16 M-HRS

SAFETY o M-HRS
, |

OTHER o M-HRS
m

d



TASK DESCRIPTION SHEET

TASK TITLE: P_P_E/U?DA_: M_R SC,,_U'LE (1.1.18.)

TASK OBJECTIVE: To provide final update of M&R schedule prior to accomplishing

unscheduled M&R tasks.

, • i ,| ,, , , |

TASK PURPOSE: Incorporates unscheduled !4_R requir_uents resultin_ from Post

Flight/Receivin_ Inspection.and POSt L Fli_ht I Post Storage I and New Tu_ Checkout.

• i i • • l

J i , , i |,

TASK LOCATION: TPF/I_,C and PPF/WTR

TASK EQUXPMENT: 127 Data, ,_t Test Set

I18 C/O Cable Klt (Partial)

I

i |i

MANPOWERREQUIREHENTS:

INTERFACE REQUIREMENTS:

PROPULSIONTECH

MECHANICALTECH

MIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

m

0

,0

0

_,_,

1.5

1.5

,i0

! i

H-HRS:

H-HRS

H-HRS

H-HRS

H-HRS

H-HRS

H-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM FSE M_R (1.1.19)
, • , J __

To correc_ FSE discrepancies.
TASK OBJECTIVE:

i i im i L

, i ,| , ,, " ,

TASK PURPOSE: This task is primarily concerned with the unscheduled M&R
i i i i i i i i m n

tasks required to mainte/n/restore the Tug FSE tca satlsfactory condition,
, m i ii i | ,

hoverer, there are some scheduled M_R tasks such as cleaning fluid umbilieals.
i i i J i , nl

, , i _ L,I

, ,, , , ,, , ,

TASK LOCA_TION: TPF and LOX Cle"_n Facility/ESC and PPF and LOX Clean Facility/WTR
i i , i ,|i • i ,, • .

TASK EQUIPMENT: 160 Prop Component Repair Kit

181 Tilt Table Fi,xture .....

''L , i ' " q ' I • " " '

MANPOWER REQUIREMENTS: PROPULSION TECH 22
.,

MECI_NICAL TECH _, 16

AVIONICS TECH 16

ENGINEERING O
IL i |

QUALITY CONTROL 0

SAFETY .ii ¢ .......

OTHER 0

INTERFACE REQUIREMENTS:

M-HRS

M-HRS

M-HR5

M-HRS

M-HRS

M-HP,5

M-HRS

.._,./

0 ...&"Z._



TASK DESCRIPTION SHEET

TASK TITLE: _EP_ FOR STORAGE (l.l.20)
, ill iron ii I

TASK OBJECTIVE: To place the Tu_ in, a con,dition ,whereby, it can, be stored ,with

min4mum subsystem degradation.
_ I i i i • i

L

TASK PURPOSE:
i i ill

package, cleanin_ the ..Tu_. install_m_ pro_ectlve c2vers, etc.

i i H I i l | i • • i i • __ i

,! ,,u , i , --

This task includes battery removal, installation or dessicant

• i , i I i , i s , , s,, ,,,

r

,, ,n n , n n

TASK LOCATION: TPF/KSC and PI_'/WTR
• _ nn , , _

TASK EQUIPMENT: 124 Cradles 18Q .,.Env_rmn Cm.t_nl TTnit

18_ Transporter , , _i_ Batte_r T;_n_l_= Kit

1_1, %'orkstand Kit

123 Cover-Tu_,,

120 P_-_---_,..v...._....._ Protective Covers

iT_ Static Dess$cantKit,

MANPOWER REQUIREMENTS:

__ NL I Nil | I i im

PROPULSIONTECH, ,, 6 M-HRS

MECHANICAL TECH 2_ M-HRS
• i i i

AVIONICS TECH ,_, H-HRS

ENGINEERING , 0 M-HRS

QUALITY CONTROL o H-HRS
l i

SAFETY o .... M-HRS

OTHER o M-HP,S
a i

INTERFACE REQUIREMENTS:

• t



TASK DESCRIPTION SHEET

TASK TITLE: P_Z:PA.Eg FOR TRA._SPORT (1.1.21)
,u ,, i i m i i i ,- ,,

TASK OBaECTIVE:Toplace the Tug in a transportable condition

i , i ii ii i i i

H | I L I L I , II , --

TASK PURPOSE: This task includes c,los,inR a_nd _ecuring access panels, and ,

hooktnz uo to a grime mover
i III,L I ,I |

I ,m L " " '

..... |

TASK LOCATION:

TASK EQU] PMENT: 12h Cradles

183 Transporter ........

191 Workstand Kit _ ,,

'182 Tractor - Transporter
i ii t - ,,

MANPOWER REQUIREMENTS: PROPULSION TECH

NECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

• o M-HRS

T M-HRS

o M-XRS
i i

o M-HRS
i

o M-HRS
i

o M-HRS

I M-HRS
| l

6 -:s"3.--



TASK DESCRIPTION SHEET

TASK TITLE: TR/_SFER TO STORAGE (i.i.22 )
l l i :

TASK OBJECTIVE: To locate _he _ in a dest[nated stors_e area.
,, - ,, i t • i L

|

TASK PURPOSE:

i , -,, m l i

To move Tug from TPF/PPF to storage area.
i i t i

l i i| i t i i ,, , 1

TASK LOCATION: TPF to Stor_e Area/KSC and PPF to StorageArea/WTR

TASK EQUIPMENT: ,!2_ ,,Cradles

183 Trans.oorter.

123 Cover-Tug
i t i J

120
i

" 182 Tractor -,Transporter
/ N i i

C?mponent Protective Covers ,

| i i

MANPOWERREQUIREMENTS: PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

ii

• n

i J i

i

|

it i .i

m • t

0
.i

0

0 _

0

0

i

INTERFACE REQUIREMENTS:

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-NRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: 9E_LFORM STORAGE SUPPORT (1.1.23)
i|Wl i ' -

TASK O_ECTIVE: To _Lni=ize subsystem de_Tadation during storage.
i i i i

, , ,i , , , , i .... ,,

, ,, • ,,, m i , u ,i

• i ,, ,,, , , L ,,,L

TASK PURPOSE: To _erform insr_ection servicing and other _reventive maintenance

tasks, as required. . .......

l | , ,.

TASK LOCATION: Designated Storage Area at KSC and _R
ii | _m i

TASK EQUIPMENT: 180 Environ Control Unit
i

12h Cradles
m i,•J •

183 Transporter

123 _ Cover-Tu 5 ....

120 Component Protective Covers

v/

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

J i

i

z_

i i

0
i i

0

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-FIRS

M-HRS

j'



TASK DESCRIPTION SHEET

TASK TITLE: REMOVE _OH STORAGE (1.Z.2b)
i i .i | ,it i ; . ii ii t

TASK OBJECTIVE: Determine Tug physical condition and place TU._ in a transportable
i t I i ii | i i i

condition,
u ii t i i t • i i i i | | . t m t i t i

,i , n , . i n i.n i i. , . , u . n

I i m ! n . . . • m n n

TASK PURPOSE: Inspect Tug for general condition, identify subsystem discrepancies

lind prepare for tremsport.
t • i t • •

i . i i • i m L i i i ii

Designated Storage Area at KSC and WTR
ii , L

!2h C_'adles

TASK LOCATION:

TASK EQU',PMENT:

183 _L_ans?o_cer
, m

323. Cover_Cu_

120 Compgnent Protective Cover s

• I

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

, ,, | , n J± n,

PROPULSION TECH • L_ N-HRS

MECHANICAL TECH _ M-HRS
i

AVIONICS TECH _ M-HRS
i

ENGINEERING 0 M-HRS

QUALITY CONTROL _ M-HRS

SAFETY 0 M-HRS

OTHER 0 M-HRS

, , n ,i •



TASK DESCRI?TIO_I SHEET

TASK TITLE: T,R_SFER T.O TPF/PPF_Fg.R MSR (I.1,25 )

TASK OBJECTIVE: To. loca_te the -'qR al; ,the TI_,F/PPF

TASK PURPOSE:

• , , , |

To move Tug to TPF/PPF 'from storage area.

TASK LOCATION:

TASK EQUIPMENT:

.... . ,, | , . , ., i | ,

Storage Area to TPF/KSC and Storage Area to PPF/WTR

124 Cradles

183 Transworter

!23 ,Cover-Tug

120 Component Protective Covers

182 Tractor - Transporter

, l

MANPOWER REQUIREMENTS:

IhTERFACE REQUIREMENTS:

PROPULSION TECH 0 M-HRS
ii

MECHANICAL TECH '2 M-HRS
m_ i

AVIONICS TECH o M-HRS
. i

ENGINEERING o M-HRS

QUALITY CONTROL o M-HRS
i

SAFETY 0 M-HRS
J i| i i

OTHER 2 M-HRS
i

-.J



TASK DESCRIPTION SHEET

TASK:TITLE: TP_;SFER TO Pe_LA_ZCH (1.1.26)
l i I P mm l

TASK OBJECTIVE: To locate %he Tu_ at the Prelaunch area
I

i n n

TASK PURPOSE:

n n n n

To =ove Tug from M&R area to Prela_ch area
n • n i , ,

n n n

n n |,- ,-- , , n n m n n n mn

n n[ • n ,, i • • • n| n L

nn nn n

TASK LOCATION: TFF to VAB/ICSC and PPF to VAB/WTR

TASK EQUIPMENT: 122 Cradles
i • i n n

183 Tr__rter
n mm -

I'82 Tractor. - Transporter.

MANPOWER REQUIREMENTS: PROPULSION TECH 0 M-HRS
i

MECHANICAL TECH _ M-HRS

AVIONICS TECH , 0 , M-HRS

ENGINEERING 0 ,M-HRS
• u

QUALITY CONTROL , , 0 ._ M-HRS

SAFETY , , ,0 ...... M-HRS

OTHER _ M-HRS
i ii

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: POST M&R VERIFICATION (1.2.1)

TASK ONECTIVE: To assure tha_ Tug subsystems on which M&R has been perfo_ed
ii | i l

will now function satisfactorily and that the Tug is ready for transfer to pre-
j L I I i | • , ,I | I . i II i • ,I ,

launch area.
i i • , • i

, , L I ,,. ' '' '

TASK PURPOSE: To verify that fault detection and isolation of subsystem dis-
• ,., ,, , , , • , i . .

crepancies was accurate, M&R tasks 'were performed correctly, and that performance

of M_R tasks have cleared subsystem discrepancies.
i i i i , _ i

. .... 1 i i . • i

TASK LOCATION: TPF/KSC and PPF/WTR

, , , • L , J

k.

TASK EQUIPMENT: 12h Cradles 156 Prim Batt C/0 Kit

183
lh8 Signal Cond Unit

185 b_bilical Kit 191

118
161 Prop Pneum Console

180 Environ Cooling 127

119
159 Prop Util Test Set

30_, 305 & 307

CO_UTER PROGPJL_

Transporter 169 Tug Simulator
.,i r .,, i,

Workstand Kit
| |. •

C/0 Cable Kit 168

Data _._t; Test Set 17h

Comm Test Set

Spacecraft Simulator

Star Tracker Test Set

155 Power Sys Test Set IIi APS Breakout Control Box

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

2

1

i i ill

0
i|

0
| i i i

0
i

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS:

.J



TASK DESCRIPTION SHEET

TASK TITLE: PEP_VORMPOST M&R VERIFICATION - FSE (1.2.2)
| i i

TASK OBdECTIVE: To assure that Tug FSE on which N&R has been performed, will now
i ill i | | i

function satisfactorily and that the Tug is ready for transfer to the prelaunch

Bx-ea.

TASK PURPOSE: To verify that performance of FSE M&R tasks have corrected
l

previously identified discrepancies.

,i i

, i , i

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPMENT: 181 Tilt Table Handling Kit

Umb_]_eal Kit

127 Data _.'gtTest Set

119 CommTest Set

155 Power Sys Test Set

1M8

lh9

MANPOWER REQUIREMENTS:

Signal Cond Unit

Orbiter Simulator

PROPULSION TECH _ M-HAS

MECHANICAL TECH 2 M-HAS

AVIONICS TECH 2 M-HAS

ENGINEERING o H-HAS

QUALITY CONTROL 8 M-HAS

SAFETY o M-HAS
i i

OTHER o M-HAS

INTERFACE REQUIREMENTS:



TASKDESCRIPTIONSHEET

TASK TITLE: RECEIVE FSE FROM M&R (2.1.1)
m i .l i ,. i | , , ,_ ,

TASK OB_)ECTIVE: Assemble flight configuration Flight Support Equipment for
i • i • IL i

transport to Orbiter MCF where it will be installed in the flight
u ii i m _ i i i - .

vehicle.
ii i | • , i • it i L • ,1 • I I

, | i

TASK PURPOSE:

mission.

i

To assemble the total complement of FSE required forthe

Personnel will receive, check, and load this equipment into
'L i L I I --

a van for transport to the Orbiter for installation.
i , i | , ,, "

TASK LOCATION:

TASK EQUIPMENT:

, , , ,m ,

TPF/KSC and PPF/WTR
i i | i

13h Transport Van
,J i

Lo_ Boy

.j

m

MANPOWER REQUXREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

, ,, i ii

o M-HRS
i •

o M-HRS
i

0 M-HRS
i i

0 M-HRS
i ii i •

:_ M-HR5
i iHi

2 M-HRS

ii M-HRS
i



TASK DESCRIPTION SHEET

TASK TITLE: RECEIVE TUG FROM M&R (2.1.2)
w| • i |

TASK OBJECTIVE: Receipt of the Tug vehicle from the Maintenance and
I ll| i ii | i:l i i l

Refurbishment operations.
I i i i | i ii i ii i i i|

I i . I i .L ,, i . , , i i L , i ., , ,.m,

TASK PURPOSE: This task initiates the Prelaunch Operations on the Tug

vehicle, and includes preparatory 'york for flight configuration.
il

i i

i

TASK LOCATION:

TASK E(3JIPHENT:

, ,,, • , i , , i • •,

TPF/KSC and PPF/_R
i| i i i

191 Side Workstands

183 Transpo,r_er

12M Cradles

i I i i ---- _ --

--- , , m

I,IANPOMER REQUIREHENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

0

0
i m

0

0
ii i i

0
i•

5.5
i

H-HRS

H-HRS

H-HRS

H-HRS

H-HRS

H-HRS

H-HRS

H/ H /



TASK DESCRIPTION SHEET

TASK TITLE: PnF,PA,_LETUG FOR PPF TeJU]S_ (2.Z.3)
i • , . | i i . _m u .

TASK OBJECTIVE: To prepare the Tug vehicle for transfer to the DOD Payload
,| ' i ill

Processing Facility at KSC for DOD spacecraft work' prior to launch.
i 11, i , i i , i i i i i u •

J

, i m , ,,,,

TASK PURPOSE: To encapsulate the Tug in a protective cover toinsure vehicle
i , m l | i , i, ,

100,000 class cleanliness.
i i ,i i i

, • , |

, | •

TASK LOCATION:

TASK EQUIPHENT: 123 _,.Covers

Cover Bar
i

12_ Cradles

183 Transnorter

191 Workstand Kit
i , , •,

,j

|

HANPOWER REQUI REHENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

HECHANICAL TECH

MIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0
i

0
i i i. i |,.

0
| ,, i ,,,

0

0

0

13

N-HRS

R-HRS

N-HRS

M-HRS

N-HRS

N-HRS



TASKDESCRIPTIONSHEET

TASKTITLE: Te,_SFE_TUa TO PPF (2.1.5.)
i • i i i i .,

TASK OBJECTIVE: To provide the Tug vehicle at the PPF for preflight spacecraf_
i .. |ll ± • • i . -- •

_rk required for a DOD mission.
..... i .... ml i: : II

I I J

TASK PURPOSE:

,,,- ,i • ,

To transfer the Tug vehicle from the TPF to the PPF at ESC.
.,.- L it i i i,m i ., i

i | i i

m mml ii

i _ i l l i I i

TASK LOCATION: TPF-to-PPF/I_C
L : ,_ |

TASK EQUIPMENT: ..... ;_.

183 T_aasporter
l

12k Cradles

123 Cover-Tug
i l

182 Tr_sporter Tractor

i|l ,,

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIILEMEHTS:
!

,i i

0
, i L ,|

0

0
i i

0
i i

2

i , ,

H-HRS
ii |

H-HP.S

H-HP.S

H-HRS

M-HRS

0 H-HRS

9 H-HRS



TASKDESCRIPTIONSHEET

TASKTITLE: TRANSFER PAYLOADTO SPF (2.1.5)
|1 , • , i i|u u ....

TASK,O_ECTIVE: Tremsfer of theTug to the Storable Propellant Facility for

loading of the Storable Attitude Control Propulsion System
I i is wll : |m. m i .....

%

|l n ill| i i ii i ,|u | i :l :l i

-- • n n • ....

TASK PURPOSE: The Tug and. S_acecraft are transfered to this facilit._ to allow

load_in_ of %he _ACPS.

,, i , i ml , ,

TASK LOCATION: T,PT'Cto-SPF/KS C and _R

TASK EQUIPMENT: 183 .?ransporter

182

I n ,I ,, i L , , ,, ,, , ,

, I

Tractor. ,Transporter . ,

._./

123/122 Covers

H ii i i ii Hi i

194 (,Security Vehicle)

, m ,, m L , , ,I I

MANPOWER REQUIREMENTS: PROPULSION TECH
,,, • J

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY
i|

OTHER

n , i ,, ,, • , ,,,

, ,0 ....... M-HRS

]., M-HRS

o M-HRS ..
i

2 M-HRS
| li 1

o M-HRS

0 M-HRS
ii

9/z': M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SLEET

TASK TITLE: STORABLE P_OPELZ_T SZ:eVZCnIG (2.1.7)
, i i , • , | i i ""

TASK OBJECTIVE: To complete the prelaunch servicing of the storable monopropellant
i i i i , i i • i i u w i,

attitude control propulsion system.
...... , i i , , i i • i

iii i i ii _ I i • i L I I m , , I , I I

TASK PURPOSE: The storable ACPS is purged, loaded, and leak tested at the
i i ill ii i i i i H i

SPF before transfer to the MCF for Orbiter integration.
i i Hi m - - .. -.

I I W I J I II , I

TASK LOCATION:

TASK E._IPENT:

i , n, i

SCAPE Suits (2)

139 Gas Sampling Equipment

161 Pneumatlc Console
,n .., ,, i

113 Propellant Servicer
_ J , , ± i ,

i i i , i, i i

SPF/KSC and WTR 185 Umbilical Kit
|

,,- ^_a T,A_g Access _'i+ i83 Transporter

123 Covers
i

109 Portable Cleanliness Tent
i _ • i ii ,

192 (Security Vehicle)
• l

MANPOWER REOUIREMENTS:

INTERFACE REQUIREMENTS:

i| i i I -i i i

PROPULSION TECH _0 M-HRS
i = i

MECHANICAL TECH 8 M-HRS

AVIONICS TECN lO M-HRS

ENGINEERING 3_ M-HRS
, i i i

OUAL ITY CONTROL 18 M-HRS

SAFETY 17 M-HRS
__ i

OTHER 2/21 M-HRS
Jl H

i i

i . ii i • • i i , , •1



TASK DESCRIPTION SHEET

TASK TITLE: STORABI_ PROPELLAZ_ SERVICING (2,1.6.a ALTE_XATE)
ii i i . i i , , i .. , .

TASK OBJECTIVE: To complete, the prelaunch servicing of the storable monopropellamt.

attitude control propulsion system.
• ii L i J ._ i I ] .i,

i i, i i ml I ,

, |. ,, | | ..l i

TASK PURPOSE: The storable ACPS is purged, loaded, and leak tested at the
ii ii. i i , E ii i ,•, i i i i . i , |

laumch-pad with the Tug inside the payload bay, using the T-26 service

,--blllcals.
i i| In , i , ,|

, I | i . ..

.. . | ,i .. [ | i

u, i |,i i ,, ,.i i .i , • i i . i

.. i ,, |

TASK LOCATION:

TASK EQUIPMENT:

Launch Pad/KSC and WTR
- . ,± _ L

112 _S Loading Access Kit !R _

! | ., • •

Launch Umb Sys

118 Cable Kit

iii | i ,,,, i ,,

SCAPE Suites (2)

._hB _$$gnal Conditionin _ Unit

,,155 Power Svs Test Set

176 Subsvs _'onitor Consoles
, .L ,H , ,"

139 Gas Sampling Equipment

162 Pneumatic Console

ll3 Propellant Servicer
, ,ill l ,| , , i

127 #_._s_ls _

,128 Telemetry Ground Station

_6_ ProD, or Pneu. Cont. Console

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

,, |

i

36 M-HRS

36.. MmH 
22 M-HRS

|ll i

70 M-HRS

22 M-HRS
i i ,

22 , M-HR5

6 M-HRS

IRTERFACE REQUIREMENTS:

..j

J



TASK DESCRIPTION SHEET

TASK TITLE: STORABLE PROPELLA_NT SERVIClq{G (2.1.8)
i m i • • i i ii i i

TASK OBJECTIVE: To complete the prelaunch servicing of the storable bi-
L , , , , • '

propellant attitude control propulsion system.
n am H wl | ., i i , u . , , ii mm

I i i , it i i i • i i

TASK PURPOSE: The storable ACPS is purged, loaded, and leak tested at the

SPF before transfer to the MCF for Orbiter integration.
• , ,| i , , , ,

,i

TASK LOCATION:

Tac_v EQU!P__'_NT:

,i , | ,, , ,, i ,, ,, , , , , , ,, i ,, ,

SPF/KSC and WTR 185 Umbilical Kit
, ,, .., , , , , ,,,

112 APS Loading Access Fit

• =, , • ii tn,,

SACPE Suit s (2)

183 Transporter
i

18_o Tractor

122/123 Covers

109 Portable Cleanliness Tent

139 Gas.Sampling Equipment 192 (Security Vehicle)
L

161 Pneumatic Console
|L ,I I

113 Propellant Servicers (2)
, • , . L ,, L ,, . J

W_,NPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

88
J , • i i i

10
i

26

23

23

2138

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HP,S

M-XRS

INTERFACE REQUIREMENTS:

'/"" -67



TASK DESCRIPTION SHEET ..

TASK TITLE:

TASK OBJECTIVE: To comPlet, e...the _relauneh servicing of the storable bipropelle_t
• ,, _ , ,,, , ,,,,,, ,,

attitude control propulsion system.
,i a i | i

j

,|, i , , i , , , , , .....

TASK PURPOSE: The,storable ACPS is purge,d t loaded, and leak tested at ,phe

.za_.ch ?_d..with the Tu_ ins.ide the payload bay, usine the T-26 service

umbllicals.

TASK LOCATION:

TASKE@IP NT:
LaugchPaa/Kscan_ R .

112 APS Loading Access. Kit

118 Cable Kit

SCAPE Suits (2)
, , , ,

139 Gas Sampling_ Equipment ,

162 Pneumatic Console
i , , , , i ,

113 Propellant Servicers (2)

, i , | i ,

146 Launch t_b Svs

.....lh8 Si_nalConditionlng Unit

155 Power Svs Test Set

176 Subszs ;.{onitgr Consoles

127 ,.DVST/S .

• 128 Telemetry Ground Station

163 . Prop or Pneu Cont. Console

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

IWTERFACE REQUIREMENTS:

, , }_ • M-HRS

5h , M-HAS

_2 M-HRS
i

i

106 M-HRS
i ,i

32 M-HRS
i ,| , , i

20 M-HRS

26 M-HRS
i ,

.... -



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE FOR SPACECRAFT EQUIPI_T (2.2.1.1)
ii i ii iii i ii i

TASK 0BJECTXVE: To prepare the Tug and work area for installation of spacecraft
E • , | iii i i i i i i , ,, , i i

equipment for a retrieval mission.
_ II ,u L i n n n • ,-

I i i, i I , , I , ! ,

TASK PURPOSE: To assemble the Tug and spacecraft retrieval unique equipment
, i , , | • ,L i

together in one area for prelaunch integration work on the Tug vehicle.
i i • , I i i | , | • i

, , ii i | i m

TASK LOCATION: TPF or PPF/IC3C and PPF/_e_R
i i i |1 .,

_'e_ E_UIp,-__NT: 1 _ TransuorteriPt_ - _ ,

13_ Van
i i |

191 Work Stands

12M Cradles

3.82 Tractor - Transporter

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

, , ,i

PROPULSION TECH

MICHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

,= .

0 M-HRS
| |i

i M-HRS
t m| i i ii

1 M-HRS
ii i

0 M-HRS
J • i •

1 M-HRS

o M-HRS

6/6.5 M-HRS
i m I J i



TASK DESCRIPTION SHEET

TASK TITLE: INSTALL SPACECRAFT EQUIPMi_ (2.2. I. 2. a)
= i .l . i

TASK OBJECTIVE: To install suacecraft unique equ2pment for a DOD retrieval
i i ii " i i|l , i i . ,=.,

i m w , i ii .m

...... i i i ,i •

TASK PURPOSE: To complete the s_acecraft' equi_nent installation on the Tug

vehicle for DOD spacecraft retrieval missions. "
. i , i i i,i i iml I ,,

TASK LOCATION: PPF/KSC and _I_R
ii

TASK EQUIPHENT: 191 Work Stands and Platforms ,

183 Transporter
u L i ,

150 Payload Adapter..Handlin £ ,Eauipment

124 Cradles
i , | _ ,i ._ i i

182 Tractor - Transporter
, , f ii i i m i

184 Tug,Support Kit, Vertical

i ii ..... . , ,

NANPOWER REQUIREHENTS: PROPULSION TECH

NECHANICAL_TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

m ,, , i

0 N-HP,S
i

' N-HAS
i i i i

4 N-HRS

=L i i

.

2
i

0
i i | ii

3

H-HRS

H-HRS

H-HRS

H-HRS
k

.°



•TASK DESCRIPTION SHEET

TASK TITLE: L'FSTAI, L S.PACECP,A_ L_.P,'_._. _2.2.1.2.b) ......

TASK OBJECTIVE: To tns_all spacecraft ._t_e equi_ent for a N._,A ,spacecraft

retrieval missi?n.

TASK PURPOSE: To complete the spacecraft, equi_ment installation on the Tu_

vehlcle for NASA spacecraft retrieval mission s.

i i i , i • , i,

i • _ II L i

i i i i [ i i i i i

TASK LOCATION: TPFI_c and PPF/_rR
m i n, i , i, i

"-'_,_ E_JI_---Me.T..._,.,._,IPI--Work'Stands_ . and Platfc.TRs

183 Transporter

150 Pa_yload Adapter Han dlin_ ,Eoui_men%

12h Cradles ....

| m , i ,, ,I

, i I ,IL J, I

I , • ,I II I I,I

MANPOWER REQUIREMENTS: PROPULSION TECH ,, ,

MECHANICAL TECH
L

AVIONICS TECH

ENGXNEERXNG

QUALITY CONTROL ,,
[

SAFETY

OTHER

INTERFACE REQUIREMENTS:

i

Q L , L

2

Q , , ±

0

I+

lq-HRS

M-HRS

M-HAS

M-HRS

M-HRS

M-HRS

M-HRS

•,_-I _ a-7/



TASK DESCRIPTION SHEET

TASK TITLE: VERIFY TUG-TO-SPACECRAFT EQUI_;T I_FERFACES (2.2.1.3)

TASK OBJECTIVE: To establish flight readiness of spacecraft interfaces for a
t I ,l t ,, , ,

rettreval mission.

i

TASK PURPOSE:

operability.

,i i . i , , i , n

To test and verify the spacecraft equipment interfaces
• i |i l | ,: L , ,

i , , i i ,| • ,, ,

TASK LOCATION: PPF and TPF/KSC and PPF/WTR
: l J l , ii i

TASK EQUIPMENT: 124 Cradles

183 TransDorter

155 Power Sys Test Set

_48 _nR1 Cnnd Unit

191 _rk Stands and Platform_

168 ,,Spacecraft Simulator .L

118 C/O Cable Kit 185 Umbilical _t
: ,,,i | ,

127 Data,,;.'_% T_st Set .... 149 Orbiter Simulator

• 119 Co_ Test Set ..... 30_ 305 & 307 CO_VrER PROGRA/4S

MANPOWER REQUIREMENTS: PROPULSION TECH ' O H-HRS

MECHANICAL TECH 0 H-HRS

AVIONICS TECH 15 H-HRS
• i i

ENGINEERING , ,, 8. _.... M-HRS

QUALITY CONTROL 0 M-HRS
i

SAFETY O , , M-HRS

OTHER o M-HRS
i| .,

INTERFACE REQUIREMENTS:
. lira i l i

_L



TASK DESCRIPTION SHEET

TASK TITLE: e_ TUG _e SPACEC_ (2.2.2. a. )
i i i ,m m | n

TASK OBJE_IVE: To ready the Tug vehicle for spaeecr_t Integration.
L I II I i I In • I

I I a . I I ., | I I

TASK PURPOSE: To prepare the york area and perfo_ the final york in
i i i i i i i i i I

preparation for Tug/Spacecraft Integration, vtth no kick stage included
i j i .- .,8 im

in the flight configuration.
i I L is i i a m i |i i •

i i • i i lu i ! i im i i J i

, i I i m i | la ,| • | ii

.... q | ,,,i

TASK LOCATION:

TASK EQu!p.MENT: 191, End Work S_ands

183 Transporter
i ]

12h Cradles
i ,i • l q

i

TPF and PPF/KSC and PPF/_'R
i i i [ i Lin i iL

L •

all i i i i

i

MANPOWER REQUIREMENTS: PROPULSION TECX

MECHANICAL TECH

AVIONICS TECX

ENGINEERING

_ITY CONTROL

SAFETY

OTHER

INTERFACE REQUI_MENTS:

| i i i I i i1

o M-H_
| •

,_ M-HRS
i

, ,_ H-HRS

, , ,Q H-HP,S

H-XRS

_, 0 M-XRS

8 ,, M-HRS

i•l , m| i



TASK DESCRIPTION _HEET

TASK TITLE: PIEPA_ TUG FOR SPACECRA_-T (2.2_2.b.)

TASK OBJECTIVE: To read_ the,,,_t_ vehicle for soacecraftinte_ratlon.

, ,i , ., | i i . , I i,i

TASK PURPOSE: To pre.pare the york a_.ea and perform.thefinal work in

prepcration for Tug/Spacecraft integration,.vith a kick st.a_e included

inthe fll6ht configuration.

,i ,l , ,L I

TASK LOCATION: TPF and PPF/KSC and PPF/WTR

TASK EQUIPMENT: 191, End Work Stands 118 C/O Cable Kit

183 Transporte T .......... IL,8 SiFnalCond Unit,

124 Cradles
J i ,

185 L_nbilical Ki$,

168 Spacecraft Sire

127 DMTS
i , , ,i . .. . ,,

155 Power SMs Test Set

119 Comu Svs Test Set
i k ., m|,| . | i

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

i

M-HRS
|,11 i i

-'8 M-HRS
i i ii

h H-HRS
r ,, | •

0 M-HRS
u •

2 M-HRS
| , L __

2 H-HRS

8 M-HRS
i i i,,n, i

._J



TASK TITLE:

TASK OBJECTIVE:

j I i nmnn

__ m

i

TASK PURPOSE:

flJ =ht_ , ,

TASK DESCRIPTION SHEET

nl n n n I u n i

To perform the Tug/Spacecraft Integration.
me i u ul i m

n in ilUl n u n

I OraL nl n U I I n

To mate the 'I"M= vehlele and the Spacecraft for a deliver_

I nnl I n i n | Jl ii I L

L

TASK LOCATION:

TASK EQUIPMENT:

"19!

183

12k

150

I n j I I I Lm i i L ] I I n n mum I

n nu n i

TPF and PPF/ESC and PPF/_TR
• , ,,, , , t i H i it

x_o slinrS _a,Ta_,Lines

W0Fk stands

Transporter ,

Cradle_,

P/L Adapter Handling Ki,t

i IL i

Ll|

n n n

NANPOMERREQUIREMENTS:

n n u i n n I n n

,, , ,,i I nu u n

PROPULSIONTECH 0 H-HRS
i it in

MECHANICAL TECH _. H-HRS
J e t i i i

AVIONICS TECH kit H-HRS
i ! i i, , i

ENGINEERING 0 H-HRS
nl i , a i

QUALITY CONTROL 1 H-HRS
i i in t

SAFETY 1 H-HP,.S
J t |,[

OTHER 3 H-HRS
• • t i

INTERFACE REQUIREHENTS:

i I i , • ,l i , m i |t e t

--- n lu n u I ii I __ n n i i i n , i I I

 O-7f"
----_,..,,,...,.-. .... ,.......,.,,--_,_-,,tm,,,..----- ...... ,'_"_..',,_l,?,,%,e_ _ , . ,,L ,.., .._. _-.- ...... _.- • _ ,,r'r-,



TASK DESCRIPTION SHEET

TASK TITLE: VER2FY TUG-T0-SPACECRAFT IZFfERFACES (2.2,h)
i .| . i l , .

TASKO_ECTIVE: To verify the launch readiness of the Tug/Spacecraft interfaces.
i i i --

TASK PURPOSE: To test and establish the flight readiness of the Tug/Spacecraft

interfaces (bot h hardvare and software)

i i i

i m i ii i

TASK LOCATION:

TASK EQUIPMENT:

I i

TPF and PPF/KSC and PPF/WTR

127 Telemetry Ground Station

MANPOWER REQUIREMENTS:

INTERFACE REQUI REMENTS:

PROPULSION TECH 0 M-HRS
i i

MECHANICAL TECH _:0 H-HRS
|

AVIONICS TECH 21 M-HRS

ENGINEERING 1_ . M-HRS
i | i ,

QUALITY CONTROL o M-HRS

SAFETY . 0 M-HP,S
i z

OTHER 3 M-HRS

i

J

L



TASK DESCRIPTION SHEET

TASK TITLE: ,r':mIFY CLF._;LZ_;ESS (2. z. 5)
_ ii i i

TASK OBJECTIVE: To verify the cleanliness of the Tug vehicle and prepare the
..... . i i J i i ii i • I ii ii i

vehicle for transportation.
i I i • I i| i i i i i i i i |l |l I i •

• , | , , I | l i i i ! J I ,

i i • i | || i , , L i ! i , ,,

TASK PURPOSE: To check the particle counter and verify the cleanliness and
| i i . m ,| i • iJ i i i i .

then to place the cover on the vehicle 1;o insure the 100,000 class cleanliness
] . -i • • • i | i i | i

to maintained during local transportation of the vehicle.
i i| i i H • i • I | i i | i . H •

, ,,,, • , i i L i , L , i

i ! ,1| | i |, i i ,

TASK LOCATION: TPF and PPF/KSC and PPF/WT1R
i i | • , i | i i

T.._K EOUIPMENT: ,

m ,

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

• . , • , .i ,. |

PROPULSION TECH 0 M-HRS
i H |

MECHANICAL TECH , , _ H-HRS

AVIONICS TECH o M-HRS
i i i ii

ENGINEERING 2 M-HRS
i i i

QUALITY CONTROL ,L _ . H-HRS

SAFETY . .1 M-HRS

OTHER , ,,1E H-HRS
i

i i i |i

7



TASK DESCRIPTION SHEET

TASK TITLE:
TRANSFER FSE to MCF (2.3. i )
i i i i| i i , i|

TASK OBJECTIVE: To transfer the Flight Support Equipment_ to the Orbiter MCF for
I I i ,i i , i

integration into the Orbiter.
| • i,

i i ii |l i i . i i

i i IL I ,. m, I | I I I I •

TASK PURPOSE: Transfer the FSE for installation and maintain the cleanliness
, i H , , m ,, | i

Of that equipment during the transfer.
i • .. i • i m

|11 |1 • i roll| i |ill I

| i ill i ii • i HI |l I I ,I,, L

TASK LOCATION: TPF to MCF/K_C_ PPF to !_CF/WTR
i

TASK EQUIPMENT: 13_. F,quipment Van
u i , ,i

197. Security Vehicle
li i •

MANPOWERREQUIREMENTS: PROPULSION TECH
i

MECHANICAL TECH
i

AVIONICS TECH
i L

ENGINEERING
i

QUALITY CONTROL

SAFETY
I

OTHER
ii e

INTERFACE REQUIREMENTS:

0
i

0

0
i

0
i |

3
, ,

0

z5/IT

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

i:.

!::i

',..



TASK DESCRIPTION SHEET

TASK T]TLE: INSTALL FSE ZN CAlm (CONSOLE) (2.3.2.1.a)
i i , i | mi ,_ i ,

TASK OBJECTIVE: To install the payload console in the Payload Specie_ist
,, , i i • z, • , ,,i • z i I

Station of the Orbiter vehicle.
i L I i • • • q .

TASK PURPOSE: To Install the payload console and veril_ the interfaces vith

the Orbiter system.

,L , •

TASK LOCATION:

TASK EQU!P,_,,"T:

, L ' ' ' ,, |,

MCF/KSC and WTR
, i,, , l , ± ,,, •

MANPOWER REQUIREHENTS:

INTERFACE REQUIREHENTS:

into orbiter. .,.

PROPULSION TECH O N-HRS

MECHANICAL TECH . _ ., H-HRS

AVIONICS TECH 6 IT-HRS

ENGINEERING , 0 . M-HRS

QUALITY CONTROL 1 M-HRS

SAFETY ,o H-HRS

OTHER s M-HRS
L

Must be comD!eted prior to payload integraZion



TASK DESCRIPTION SHEET

TASK TITLE: INSTALL FSEIN CABIN (COM_EC) (2.3.2.1.b)

TASK OBJECTIVE: To install ,the COMSEC. required on DOD missions.

t , ,,,, ,, t t t

TASK PURPOSE:

missions.

To install the COMSEC into the Orbiter s_rstem for the DOD

TASK LOCATION:

TASK EQUIPMENT:

t ,,

MOF,/KSC and WTR

l,|

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

, t

PROPULSION TECH o

MECHANICAL TECH l, 5

AVIONICS TECH 3.5
t

ENGINEERING 1

QUALITY CONTROL 1

SAFETY o
,,, , ,

OTHER o

",!ustbe completed prior to 2.3.2.1.

M-HRS

M-HRS

H-HRS

M-HRS

M-HRS

M-HRS

M-HRS

a verification.

r,



TASK DESCRIPTION SHEET

TASK TITLE: INSTALL FSE IN PAYLOAD BAY (2.3.2.2)
i i i i i i LB II • | I

TASK OBJECTIVE: T° prepare the Orbiter for acceptance of the Payload and provide
, . - , ,..! | , n| i

the necessary support equipment in the payload bay.
i | ,, i. i i ii i i

TASK PURPOSE: To install the Fl,t_ht Suppo,rt, Equicment required ,by the paylo,ad

into . the Orbiter Payload Ba_..

, i i ,, ]., , . , i , L.. , i

i ii ii i a i i • i . , L i |, i

• i i |, i i | I ,,, • ,. , •

i i , . •, ,, ,, i ,i i |

TASK LOCATION: HCF,!,KS,c and .WTR,.............

TA,_M -^,,,m_.._rr.
F._%/A..:'--.°. • • , ,

i i , , , , , , | , ,, i • i , ,, ,

i i i i i , i ,•

K_IPOWER REQUIREMENTS: PROPULSION TECH 1 , H-HRS

NECHANXCAL TECH 5 H-HRS

AVIONICS TECH , _ H-HRS

ENGINEERING b N-HRS
i i

QUALITY CONTROL _ M-HRS
• i , i J

SAFETY ....... 1 .. M-HRS

OTHER i_ M-HRS

INTERFACE REQUXREHENTS:- Must be completed prior to the physical installation
• H ,,

of,the pa_load into the Orblter _ayload bay.



TASK DESCRIPTION SHEET

TASK TITLE: VERIFY FSE INTERFACES (2.3- 3)

TASK OBJECTIVE: To establish the test readiness of the Payload supplied

night Support Equipment.
,i ' , ,

j

TASK PURPOSE:

of the payload.

This is a preliminary step in the launch readiness certification

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR

lh8 Signal Cond Unit

185 Umbilical Kit

J

127 DMS Test Set

155 Power Sys Test Set

119 Comm Sys Test Set

118 C/O Cable Kit

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

0

3

0

1

0

INTERFACE REQUIREMENTS:

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HItS

M-HRS

V



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

TRANSFER PAYLOAD TO MCF (2.3.4)
i • |, J , i

To transfer the payload to the Orbiter integration facility.
-- •,, , , , , ,: , i i m

TASK PURPOSE: To provide the payload at the Orbite r facility designated for

the horizontal integration of a payload.
, m , i. ,i , |

TASK LOCATXON:

TASK EQUXPMENT:

, , , , ,

PPF or TPF-to-MCF/K_C, PPF t_ MCF/WTR

12h Cradles

_SB Trznspbrter

182 Tractor

122 Cover-S/C .....

123 Cover-_u_, ,

I_2, S,ecurit F Vehlcl 9

,g

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSZON TECH 0
i t

MECHANICAL TECH o
• i

AVIONICS TECH o

ENGINEERING 0

QUALITY CONTROL o

SAFEI"Y o

OTHER 315
] i i i • i •

i

M-HAS

M-HAS

M-HAS

M-HAS

M-HAS

M-HAS

M-HAS

I

i

l
t,

I



TASK DESCRIPTION SHEET

TASK TITLE: PAYLOAD INSTALLATION PREPARATION (2.3.6)

TASK 0_ECTIVE: To prepare for the physical installation of the payload in:o
i

the payload bay.
|

TASK PURPOSE: To complete all preparatory work required for the payload inte-

gratlon into the payload bay, maintaining cleanliness of the vehicle.
J

TASK LOCATION:

TASK EQUIPMENT:

i , ,

MCF/KSC and WTR

183 Transporter

124 Cradles

140 Handling Equii_

MANPOWER REQUIREMENTS:

INTERFACE REQUI£EMENTS:

PROPULSION TECH 1 M-HRS

MECHANICAL TECH 2 M-HRS

MIONICS TECH l M-HRS

ENGINEERING 2 M-HRS

QUALITY CONTROL o M-HRS

SAFETY o M-HRS

OTHER 19 M-HRS

, ,. ,



TASK DESCRIPTION SHEET

___ TASK TITLE: PAYLOAD INSTAT.J_e_TIO]t MCF (2.3.7)
,, |ll i i,=.l . • , i i ii i i, , i J[ i i.i

TASK OBJECTIVE: The physical installation of the payload into the Orbiter pay-
..... • i i , i i m i

load bay.
i i i i | ,. i i i i. i i i i i ii | i= ii i

TASK PURPOSE: To complete the physical inste_lation of the payload into the
i .m i i i | i i ,• ,m i

Orbiter vehicle.
i | i im z | | . m

• i ill , i | i ] i , • m i

TASK LOCATION: MCF/KSC and mR
• i nL

TASK EQUIPHENT: ikO Handling Equipment
| l • i i

HANPOWER REQUIREHENTS: PROPULSION TECH

HECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

i | _ i i i

'_ M-HRS

, .,18 .,, M-HRS

2 H-HP_
_ . . , ,n i i i i

.... .2 ,, H-HRS

0 H-HRS
i

:_ H-HRS
i ii , •

...._ H-HRS

INTERFACE REQUIREHENTS:

•re, ",t',r"



4

TASK DESCRIPTION SHEET

TASK TITLE: VERIFY PAYLOAD-TO-SIrLrI_ INTERFACES (2.3.9)
j • |m i , i , ii , m,, i _ i

TASK OBJECTIVE: Establish the readiness of the pe_vload/Shuttle interfaces prior
-- , • i t ......

%o entering the launch operations phase.
i , . u . m i i J i , i i ., , •

J

TASK PURPOSE: Test and validate the interfaces (hardware and software) between
, | ,| _ ,m i | i

the payload and the Orbiter vehicle. This is the final payload test before
, .... ,m

the integrated systems test.

TASK LOCATION: MCF/I_C and WTR
, i i J i

•, | , i

TASK EQUIPMENT: 161 Prop Pneu Console lh8 Signal Cond ,Un_.t

185. ,.Umbilical Kit . .163,..Prop or Pneu.,C_nt Console

I17 C/O Access }[it 3o%, 3o5, _o7 COMPUTER PROG_

127. DM s Test S,et .........

155 Power Sys Test Set

119 Comm S,ys Test Set .....

118 C/O Cable Kit

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 27 M-HRS

MECHANICAL TECH 8 M-HRS
|l • i i| i i i

AVIONICS TECH 18 M-HRS

ENGINEERING 36 M-HRS
[ |

QUALITY CONTROL 18 M-HRS
i

SAFETY o M-HRS
ii i .........

OTHER .... 8 • M-HRS
u •

, ,,,,

i,



TASK DESCRIPTION SHEET

TASK TITLE: ORBITER/PAYLOAD IHTEGRATED SYSTEM TEST (2. _. I)
, i • i | i, ,,

TASK OBJECTIVE: Establish the launch readiness of the integrated launch vehicle
i i i i m L i i ll|l I q --,

and payload before releasing the payload for pad and flight operations.
• . I i i i i i • i ii i i m

, i • i m • im '_* _ i i m

TASK PURPOSE: , To validate the integrated system integrity prior to the

final launch operations.
. L II I In I m | , I I I

TASK LOCATION:

, n n n ,,n , i , ,, n

Launch Pad/KSC and WTR
i J _ j. . | •

!h8 S___n_a! Conditionin_ Unit_ IB5 Launch L._.bilical Sys

176 Subszs '._:onitor Console . I_5 Power Svs Test Set

118 C/0 Cable Kit . ,, 129 Digit. ,__vents Rec.

128 Telemetry Ground Station

12L7 D._._Test Set .....

18_ Voice & Timing Sys

i ,, |n

lh5 Launch Console
, ,| q

_01. _05. _07 CO_,_FfER PROGRA/._

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

8 M-HAS
ii i i

36 M-HAS

, 18 , M-HAS

_0 ,., M-HAS

2Z_ M-HRS

M-HAS
L t L I_

8 M-HAS



TASK DESCRIPTION SHEET

TASK TITLE: MONITOR STORABLE ACPS (2.h.l.a)

TASK OBJECTIVE: To continually verify the integrity of the storable ACPS,
i i ii i . t

from integration through launch.

, • , _ I ,, | ii , ,L ,

, | ! '

TASK PURPOSE: To respond to safety requirements to assure the integrity of
i • i i i u

the storable ACPS and verify no leakage in the system.
t i , , • H, • i , •

_JJ i i i i i i | , i • t [

. , , ,,| , , , l i . ,

TASK LOCATION: HCF, VAB, PAD/_C and WTR
L I I

TASK EQUIPMENT: 176 S,ubsys !?onitoring Console

179 Signal Conditionin_ Unit

146 Launch t_,.bilical _ystem
m , , i

118

155
, |

C/O Cable Kit
H -, , , ,,

Power Sys Test Set
. , a t

127 D:-_ Test Set

128 Telemetry Ground Station
L

HANPOWER REQUI REMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

8_
]

0

0
i

0
i

0

.82

0

M-HRS

HoHRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: TUG SERVICE AT PAD (2.4.2.a)
.... i ii ii i • i ii

TASK OBJECTIVE: ¢o complete the umbilical hcokup at the launch pad of the Tug
i i i i I ii i i • ii

unique umbilicals.

, ,,- L ' ' ' ' ' ' ,| ,, , ,, ,i

TASK PURPOSE: To prepare for the launch pad prelaunch servicing of the Tug
, , , , , ,,,, ,, , , ,i m , ,

vehicle and es+.ablish the umbilical system integrity in that area.
,, , i , • -- , , ,, _ ,, ,, ,

, , , i , ,, ii ,,, ...... , , ,

TASK LOCATION: Launch Pad/[CSC and _R
Jl. ii i i i i

TASK EQUIPMENT: 185 Launch L_bilical Sv%_

119 C/O Cabie _i_

IhR. Signal Cond_onin_ Unit

!_ Subsys ?_onitor Console

,, ]_P P_n_ P_ C_nsol e

L

163 Prop or Pneu Cont. Console

12 7 _.c ,r,o,,+ _°+.

I_ Power, gys Test Se_

12 8 ,DDAS G:;D StatSQn , ,

MANPOWERREQUIREMENTS: PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

2

6

6
i

0
i ii i

M-H_

H-HP,S

M-HRS

H-HRS

M-HRS

M-HAS

H-HRS



TASK DESCRIPTION SHEET

TASK TITLE: TUG SERVICE AT PAD (NO'Z CeYO)(2._.2.b)

TASK OBJECTIVE: Perform,th e final prelaunch eervicin_ on the Tu5 vehic!e for

the non-cryogenic systems. , , , I i i

, , , i i ,| i i

TASK PURPOSE:

_ste_.

i i , ,,L ' •

, Comp1ete,,the prelaunch servi,,elnT for the Tu,_ vehicle pneumatic

i , ,

TASK LOCATION:

TASK EQUIPMENT:

, | I . • , .

Launch Pad/ICSC and WTR
, , • , ,,

158

176

118
i

155 Power Sys Test Set
L l I, " ''I | ' ' | ' |" '

127 D:4S Test Set
,,ii i, , i

"1"85 Launch Umbilical Sys

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

| • ,i

Prop Loading Console 162 Prop Pneu Console
,i ,i , ,,l , , J ,

Subsys ,,M°nit°r, Console,,, , ,,,129 Digit,,,,, Events Recorder

Signal Conditionin_ Unit 128 Telemetry Ground Station

C/O Cable Kit 163 Prop or Pneu Cont. Comsole
'L I • ' J • I' • I I ,

|

305 , 306 COM/_UTER PROGRAM3
| , J , ,,

ii , ii , | ,

PROPULSION TECH 8 M-HRS
, i

MECHANICAL TECH 13 M-HRS

AVIONICS TECH 13 M-HRS
.. , . ,, . • J

ENGINEERING 6 M-HRS

QUALITY CONTROL 3 M-HRS
i i i L

SAFETY 3 M-HRS
, ,m , ,,

OTHER o M-HRS
. i ,, i L

, | | • , ,



TASK DESCRIPTION SHEET

TASK TITLE: TUG SERVICE AT PAD (CRYO) (2.h.3)
ii i | | , i i | •

TASK OBJECTIVE: Perform the final prelaunch servicing on the Tug cryogenic
| i i i_ i l i ii , i |

system.
i I ,l | i i_ i ... _ |, i I

i

TASK PURPOSE:

• including :

i i ,i , | , , ,

T° complete the prelaunch activities for the.Tug v ehlcle,

a..Cryogenlc.SystemFurges

b. Cr_genic Loading and Replenlsh

C. Final Softvare Constants Loaded
: i :l ,l m i l,

mL 'L '" ' ' ' ! ' , I '

I 'L

TASK LOCATION: Launch Pad/KSC and WTR
i

TASK rnIITDMCHT- 125 Cr7o Loadinc Complex 185 Launch Umbilical Sys

176 Subsys _nitor Console

- I_8 SiAmal Condit_nin_ UDit

305, 306 118 C/0 Cable Kit
• , : | , L

COMPUTER PROGRA_

155 ..power SZs Test Set

,, ,i62 ,Prod Pneu Console

_., 12_ Diqit Events Recorder

12,8 Telemetry Ground Station

%

, 16_ Prop, or Pneu Cont. Console

127 ..DMS Test Set

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

: ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

:s.O H-HRS
,

16 H-HRS

8 M-HRS

6 , M-Hes
2 M-HRS

|

, 6 M-HRS



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

TUG SERVICE AT PAD (CRYO) (2._.3.a)
. m , i • i

Final activation of the Tug fuel cells I

, , , i ' ,

, ,, i , •

TASK PURPOSE: To. complete the prelaunch activation of the Tu R fuel cells '

TASK LOCATION:

TASK EQUIPMENT:

Launch, Pad/KSC and. WTR .......

148 Signal Condit.ioning Unit

176 Subszs Honitor Consol(...,

12_ Crvo Load_n= Complex

185 Launch Umbilical Sys

118 c/0C bleKit

127 D_ Test Set

155 Power, Sys Test set ,

129 Digit Events Pecorder

128

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGXNEERXNG

QUALITY CONTROL

SAFETY

Telemetry Ground Station

3
l |

0
|

3
ii

6
ii • I

0
i i

0
ml H i i . i

3
n i

OTHER

INTERFACE REQUIREMENTS:

cells included.

M-HRS

M-HRS

M-HRS

M-HRS
I|

M-HRS

M-HR5

M-HRS

*Applies to o_nly.those configuration s with fuel



TASK DESCRIPTION SHEET

TASK TITLE: TUG SERVZCE AT PAD (CRYO) (2.4.3. b)

TASK OSJECTIVE: Final loading of cold helium system of the Tug m
J • i |i ,, - . .. i i

..... ' • " " ', ' ' ' "" ' . • , , ,. .I i

TASK PURPOSE: To complete the prelaunch activities of the Tug cold helium
, • , i • ,!. i , i iwl ,• i i i i r m i

pressuri zation system.
i i i . i | i i,

........ , . • . .,

, , , i • , J•|

L

TASK LOCATION:

, i . ,, |l w ,

Launch Pad/KSC and WTR

TASK _:n___-P_:HT. 162 •.Prop PneuConsole

176 Sub sysMonitor Console 129 Digit _¢,_ents _ecorder

!h8 Signal Conditionln_,Unit , 128 Te!emet_v Ground St-tlon

118 C/0 Cable .Kit

155 Power Sys Test q-_

147 LH_-He Heat .Exchanger

125 Crvo ,Loadin_ Complex

127 D_._ Test Set
, | • ,,

163 Prop, or Pneu Cont Console

185 Launch t_bilical S_s
,, | L

MANPOWER REQUIREMENTS: PROPULSION TECH 4 H-HRS

MECHANICAL TECH 0 N-HRS
i u |

AVIONICS TECH .2.. M-HRS

ENGINEERING 6 M-HRS
, L i| , • J

QUALITY CONTROL .... O, M-HRS

SAFETY 0 M-HRS
i | , i

OTHER 0 M-HRS
J i , . j

INTERFACE REQUIREMENTS: *Apnlies only to those vehicles usln_ the cold helium

option.

i , , , L'



TASK DESCRIPTION SHEET

TASK TITLE: FZ_UuL CHECKS AT PAD (2._.}_)
i • • • ml ill it i_ i i

TASK O_ECTIVE: To monitor final launch redlined parameters.
i • i i| i m i i • i

i | i i , | i i i_ i i - -

i i • i ,i ,i

TASK PURPOSE:

vehicle.
• i I •

To establish the launch readiness compliance of the Tug
i iui I L | | i i , i --- L

TASK LOCATION: LCC/KSC and W'I'R

TASK EQUIPMENT: iT6 Subs_s _nitpr Console 12 9 Digit _eD_@ Recorder

ITg, Terminal _oom Equi_ . _89 Voice _ Time Sys

lh6 Launch Umbilical Svs
, i , | k l ,190 , W_deband Re 9.

118 C/O Cable Kit
0 , m i _ , .,, •

155-Power S_rs Test Set .....

127 _ Test Set

128 Telemetry Ground Stpt_on

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL,

SAFETY

OTHER

, im i

i

0 M-HRS

O, M-H_

0 M-HR3
i

]..Sb., M-HRS

o M-HR$

o M-HP_
| | l

o M-HRS

,ll

ii m

INTERFACE REQUIREMENTS:

k '= -- "



TASK DESCRIPTION SHEET

TASK TITLE: RE_D_ PAY_AD (PAD) (2.h._l

TASK OBJECTIVE: To r,,emgve a payload from thg_ paTload BaT of the .C)r.b.i.ter at

the Launch Pad

,,, ,, , i ,, ,, i , ,

TASK PURPOSE: Required for _ayload chan__eout. Assumes the cleanliness

protection will be provided, for the paTload beln,._:........removed.

TASK LOCATION: Launch.Pad/KSC and NTR

TASK EQUIPMENT: 191 Work Platforms
i | • i

i_0, Handling Equi_ ,,

183 Trans_orte r .......

12h Cradles
__ im

182 Transporter ,Tractor .

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

i i •

i |

i i i •

i i

H-HRS

IO M-HRS
i

H-HRS

-- H-HRS

3 H-HRS

3 M-HRS
ii i

23 M-HRS
L • i.

__ , ,,, | i ,,, i • |,
, , | iJ,, i •



TASK DESCRIPTION SHEET

TASK TITLE: PAYLOAD IIISTALI_TION OR P_OVAJ_ PREPS (PAD) (2._.6)
• m L . |ll

TASK OBJECTIVE: Prepare for the removal or installation of a payload into the
: i : i i ul ii •

Orbiter payload bey at the launch pad.
z . . i : |l ,, i _ i i . • i i .m

ii i '= • '

TASK PURPOSE: To provide the physical access and the environmental protection
i .L I H . I ' ' = • I I ,. |

required for on-pad payload changeout.
, ii , iw m | i i i •

i ii i i i ii i i I

[ i i •,ll • iiii i i ii i

TASK LOCATION: Launch ?ad/KSC and WTR
... | | •

TASK EQUIPMENT: 191 Work Platforms
| •• , i ,i i i i . .

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

0.5
i l il i

0.5
| i |

0.5
i •

0.5
. i

0

0
i i ili

2
i |

i l i

M-HRS

M-HRS

M-HRS
i

M-HRS

M-HRS

M-HRS

M-HRS

- ....



TASK DESCRIPTION SHEET

TASK TITLE: PAYLOAD ZNSTAI,LATTON (PAD) (2.4.7)
, i i . , 1, |,| i i i

TASK OBJECTIVE: To install a payload into the payload bay of the Orbiter at
L • ' a I ' I m m J ,, ' I, ,

the launch pad.
i i ii i i i i . i i • i m--

.... . • . , • i [ , i , , ,, , ,,.

TASK PURPOSE: The vertical installation of a payload during the payload change-
i i ,ii i i,., ii i i,

out operation.
i I,L I I I m I Iq I , I ,L I I

, , ,,, • . ,

TASK LOCATION: I._unch Pad/ICSC a._d _PrR
L ill

TASK EQUIPMENT: 11T c/,o Access _.it

281_ Tug Support Y_t Vertic_,!

191 Workstand Kit

MANPOWER REQUIREMENTS: PROPULSION TECH

MECI_e_NICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CC_ITROL

SAFETY

OTHER

2

2
i

0

2

5

M-HRS

M-HRS

M-HP,5
i i

M-HRS

M-HRS

M-HRS

M-HRS
J

INTERFACE REQUIREMENTS:



TASK TITLE:

TASK OBJECTIVE:

changeout.
ii ii

TASK DESCP,IPTIGN SHEET

TRANSFER PAYLOAD TO PAD (2. k. 8)
....... _ _ - " i ,| i t i i

To transfer a new payload to the launch pad for payload

, ,: n, _ ..... | ,,

, t | i

TASK PURPOSE:

changeout.
• i

,, , , , ,,| ,, , , , • ,

To provide a clean payload at the launch pad during payload
................ l • i i i. ii

TASK LOCATION:

TASK EQUIPMENT:

• I i|.m

Launch Pad/KSC and _TR
, i Li L_---

124 Cradles

12,2 Cover-S_ce_aft

12B Cover_Tu_, .....

I_0 Handling _o_ip

ISh Portable Cover-Pur_e Unit

_82 Tractor ........

183 Transporter , ,,

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH
i

MECHANICAL TECH

AVIONICS TECH

ENGINEERING
,

QUALITY CONTROL

SAFETY

OTHER

,i

q

0

i

i i m ,

0
i ,

| , i

M-HRS

M-HRS
, i

M-HRS

M-HRS
i m ,

M-HRS

M-HRS

M-HAS



TASK DESCRIPTION SHEET

TASK TITLE: TUG GROUND SAFING AT SAYING AREA (3.1.1)
,L I " | L

TASK OBJECTIVE: To vent, drain, and purge the cryogenic systems of the Space
i| • J i i i i i i

Tug, including high pressure gas vessels.
i i i i ii • , i • a

..| . , ,L . , I . L ,I • q | I , I

TASK PURPOSE: To place the cryogenic systems in a "safe" state and to prepare
i i i t • ,|l m i .. i ]

these systems for any required maintenance action.

TASK LOCATION:

qP tm'V II_ll,_V_| e'k_,i%i •

Shutt.le,Saf.ing _ea/_C or _R
ii

!9! '._orkstands

i ,, ,• L [ , • I

161 Prop Pneu Console

Hydrogen Gas Disposal System 163 Prop orPneu Cont. Console

139 Gas Sampling Equipment

118 C/O Cable Kit Partial

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMEr(TS:

q

0

8
,| ,, i i

6

8

8 , ,

_o

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

NO LIQUID

RESIDUALS

The Shuttle must remain at the Safing Area until

completion of task. Task assmaes successful safing completion on-orbit.

| J-, , i ,,



TASK DESCRIPTION SHEET

TASK TITLE: TUG GROUND SAFING AT SAFLNG A_ (3. I. i. a)
l • m _ ,i

TASK OBJECTIVE: To vent, drain, and purge the cryogenic systems of the Space
i , • i ii i w i,

Tug, including high pressure gas vessels.
• i i i , m, • , [ i

TASK PURPOSE: TO place the cryogenic systems in a "safe" 3tare for han_llng

of the Tug, and to prepare these systems for any required maintenance action.
, , i l • ,i i

,, , , ,, , i i i i , | q

i i • i ii

, , | ,

TASK LOCATION: Shuttle Saflng Area/ICSC of WTR
l

TASK EQUIPMENT: 191 Workstands

185 Umbilical Kit
i , • i , ,l L

Hydrogen Gas Disposal System

L , ,, ,, , • ....

161 Pron Pneu Console
!

126 C_/o Tank Trucks

139 Gas. Sampling Equipment , 163 Prop or pneu Cont. Console

,| , , ,

118 C/0 Cable Kit (Partial)

MANPOWER REQUIREMENTS: PROPULSION TECH 0 M-HRS

MECHANICAL TECH 0 M-HRS
i ,i

AVIONICS TECH 12 M-HRS
|

ENGINEERING lO M-HRS
[ . ,...- . L

QUALITY CONTROL , i0 M-HRS
,,J L

SAFETY 10 M-HRS
,

OTHER 20 M-HRS
m i

INTERFACE REQUIREMENTS: The Shuttle must remain at the Saflng Area until

,completion of task.

LIQUID

RESIDUAL3

5--/oo

............... •-""e"'r,'_.'_C ';'3B"_ • . .. .



TASK DESCRIPTION SHEET

TASK TITLE: T_SFER TUG TO SPF (3.I. 2)
i i

TASK OBJECTIVE: Transfer of the Space Tu_ .to the Storable Propellant Facility.
I IL I t I ll! Hi I ilq I •

.-- ., • a

TASK PURPOSE: To provide the Tug at the Facility location where the storable
| i i •

propellant ACPS can be ,placed in a "safe" state.

i , ,, n ,! n m , ,u n

\J

i n ii • n nu

• n n i ,,=

° TASK LOCATION: MCF to SPFIKSC and WTR
I i

TASK EQUIPMENT: i23 ._ Cover

i83 ...... -_ -
• .i

182 Tractor
I l ii

"_ - I m u m :

12k

191

HANPOHER REQUIREMENTS:

INTERFACE REQUIREMENTS:

ii i i i i .i

Cradles
| a

Workstands

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING
i

QUALITY CONTROL

SAFETY

OTHER

NONE

,a

t

o ,. M,.HRS

1 M-HRS

0 M-HRS

2 H-HRS

0 M-HRS

o M..HRS

9117 M-HRS

L

' l I __



TASK DESCRIPTION SHEET

TASK TITLE: TUG ACPS SAFIHG (3.1.3.a)
...... • • ,, i i i • i I ii • i i i • •

TASK OBJECTIVE: To vent, drain, purge, and leak check the blpropellant ACPS
• ,L i i m ii I I . i i i i i i i I

of the Space Tug,
i | • i . . i i • i i || .i L i i i

, . , ,., _ , , ,.

TASK PURPOSE: To place the ACPS in a "safe" state a_d to prepare the syst_
''L '

for any required m_intenance action. Also, to identify a syst_n which is leaking
. ,., , , , ,. l , , , L ' i ,

and will require unscheduled maintenance.
_ ,, , _ ii , i • i ,, |

k I I t l | I t

, I ' ' L ' ' ' L ' I

TASK LOCATION: Storable propellant Facility/KSC and WTR
L U

TASK EQUIPMENT: 112 APS Loading Access Kit
L m

, . L ,

Two Personnel Protection (SCAPE)

139 Gas Sampling Equipment
. ,,, . . , L , ,, ,, .,. •m ,=

161 Pneumatic Console
, ,m i . , ,

113 Two Propellant Servicers

,I_I Z_orkst_nd

148 Signal Cond Unit

109 PoTta_le Cleanliness 'Ten_

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

16 ,- M-HRS

}_ M-HRS

_2 M-HRS
i im •

22 M-HRS
,= .,| i , 1

21 M-HP.S
i ,i

8 M-HRS

M-HRS

The Tu_ must remain at the SPF until completion of

task. The cryogenic system must be safed prior to this operation.



TASK DESCRIPTION SHEET

TASK TITLE: TUG ACPS SAFII_O (3.1.3.s Alternate)
....... L I , I I "| I II

TASK OBJECTIVE: To vent, drain, purge, and leak check the _ipropellan_ ACPS
' " ' '" I ,i IL I I i I n| ml I

of the Space Tug.
I i _ I Jl I i

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the system

for any required maintenance action. Also, to identify system requirements
i i , | i -- i i ,. i i m .lira • i H

from leaking for unscheduled maintenance.
.............. , i|

i

i

i i |, i i i i I ! i ml i

TASK LOCATION: Safing Area/ESC and _R
,t • i

TASK EQUIPMENT: 112 _2S Loading Access Kit
, , L ,,,

i *
...... l_l Workst_nds

i | L I i i •

2 Personnel Protection (SCAPE)

139 Gas SamplingEquipment

161 Pneumatic Console

113 2 Propellant Servicers
, | i l,q in | i

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

• , , i i

i6

35

• 22
| i i i

22
i if

21
i | i J i i

109 Portable Cleanliness Tent

163 Prop or Pneu. Cont. Console

M-HRS

M-HRS

H-H_

H-H_
i

H-HRS
i

|NTERFACE REQUIREMENTS:

operation.

SAFETY i5 ..... H-HRS

OTHER 22 M-HRS

The Shuttle must remain at the safing area for this

,i , i i
' ' ' ' ,Ii L , '' I

5



TASK DESCRIPTION SHEET

TASK TITLE: Tuo ACPS SAF'r,'IG(3.1.3.b)
m , , , , ....... ' ' ' | |"

TASK OBJECTIVE: To vent. drain, purge, and les_. check the monopropellemt ACPS,

of the Space Tug
, , ,, , , ,, L , • | |,| ' ! '

, ,, t , , ,,, , 'L ' ' " ' ' ' |

TASK PURPOSE: ,To, p!ace,th e ACPS. in a "safe"., ,state,,., e.ud,,,,to ,prepare, the,., system

for, ,any,required maintenance,, action. Also,, to,,,identify,.. ,a system,. leak failure

which will require unscheduled maintenance.
, , , ,, , , ,

TASK LOCATIOR: Storable Propellant Facility/KSC and WTR
• |

TASK EQUIPMENT: 112 APS _ga_D_ Access F_t, .......

183, Transporter

Two Personnel Protection (SCAPE)

182 ,Tractor

123 Covers

139 Gas Sampling Equipment 10,9 Portable Cleanliness _o t...... ' ._

161 Pneumatic Console
,J L |

192 Security Vehicle

113 Propellant Servicer

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

lO M-HRS

, 2z_, M-HRS

M-HRS1_ ,

3.6 ...... M-HRS

io M-HRS

5, M-HRS

M-HRS

INTERFACE REQUIREMENTS: The Tu_ must rzmain at the SPF until completion of
l

task. The c_jogeni.c systammust be safed prior to this.operation.



SHUTTLE IMPACT

TASK DESCRIPTION SHEET

TASK TITLE: . TUG ACP S ,S_=TNG (3.i.3.b Alt_rnat%) ..........

TASK OBJECTIVE: To yen_, drain. _r_e, and leak chec_ th@_=Qno_ro_ell_

AOPS of the Space Tu_.illi i , i i j ii j i i ,i i i i

ii ,, | J il u | II i _ . V : ,i ,, , ,,, ,,, ,, ,,, ,

TASK PURPOSE: To place t_e AcP_, in a "safe".state and to prepare the syste=

for any Tequired maintenance action. Also, to _dentif_ a s_stem leak failure

which rill require unschedu!ed maintenance. , ..........

i i i

TASK LOCATION:

TASK E,_U! P,."_HT:

•

._af_na Are_/_O ape wTe

112 APS Loading_Access Kit

i I Jl ,

2,. Personnel Protect,ion'(SCAPE) .,.

139

161

113

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

Gas Sam_iin_ EQuipment

Pneumatic Console. ,.

ACPS Servicer

163, Prop or.Pneu. Cont.

PROPULSION TECH .... 10 , M-HAS

MECHANICAL TECH 2_ M-HAS

AVIONICS TECH i_ M-HAS
| • i ,m

ENGINEERING 16 M-HAS
, m , ,

QUALITY CONTROL I0 M-HAS

SAFETY 10 M-HRS

OTHER ib M-HAS
. =

The .Shuttles mus%,r±emaln at _he Safin _ ._-ea for

•his o_eration.
, ,• n i , ,, i i i i | . -.

Con_ble

, , i ,i J , i i,



TASK DESCRIPTION SHEET

TASK TITLE: TP_.NSI_ _LIG A_ID SPACEC'qRAFT TO SPF (3.l.h) ..

TASK OBJECTIVE: Transfer of returnin_ payload to the Storable Pro_ellant
ii i I¢ m, -- i: ill i | • . i i |

Faetltt T.

_J

,m , i , , i

TASK PURPOSE: To provide the payload at the facilit_ location where the

storable propellant systems can be place _ in a "safe" state.

...... i , m

TASK LOCATION: MCF to SPF/KSC and WTR

TASK EQUIPMENT: 123 _ Cover

122 S_aeecraft Cover
, • , J

183 Transporter

182 Tractor

12h Cradles

MANPOWER REQUIREMENTS : PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROl.

SAFETY

OTHER

0
i i

1
i

0

2
i• i H ..,, . ,i

0

0

12122

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HP,,S

M-HRS

INTERFACE REQUIREMENTS: Ms__pover requirements are a function of Spacecraft

safing requirements.



TASK DESCRIPTION SHEET

TASK TITLE: TUG SAFL_G (3.l. 5.a)
,, i q i| , IL ,|

TASK OBJECTIVE: To vent,drain, purge, and leak check the bipropellLnt ACPS
J '| , • . , I l I IB I B II IlL I I

of the Space TuK with the spacecraft attached.
ill i • J.i ii i .. i • Jql B_ i iq

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the system

for any required maintenance action. Also, to identify a system which is leaking

and will require unscheduled maintenance.

TASK LOCATION: Storable Propellant FacilitT/KSC and WTR
• | , • , -i

,| t ,i i t i

tl

TASK EQUIPMENT: 112, APS Z_oaein_ ,Access Kit 185 Umbilical nit

/ _ i , ,L ' I _ z,

i13 APS Servicer

Two Personnel Protection (SCAPE)
..... -m ,, , i

139 Gas Sampling Equipment

161 Pneumatic Console

113 Two Propellant Servicers
, , | = : l i i

183 Transport er

182 Tractor

123 Covers
,q | ,: • ,

163 Prop or Pneu. Cont. Console

192 Security Vehicle

MANPOWERREQUIREMENTS: PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

16 M-HRS

, .,'3_; M-HRS

, 42, . M-HRS

22 M-HRS

_ 21 M-HRS

lh M-HRS
, •[

lh/h7 ... M-HP,S

INTERFACE REQUIREMENTS: C,ryo_,Fnic,system safing must be completed before this
J , , • | |

operation. ,,
iJl J = , - .- i I |

t " ' , i

.b-/o7



TASK DESCRIPTION SHEET

TASK TITLE: TUG S_'E;G (3.l.5.b)
, i H ' ' ' t |_ t t

TASK OBJECTIVE: To vent, dratnt purge, a_d,le_ check the monopropellemt ACPS

of the Space TuK with the spacecraft attached.
• , t

, , i ,

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the .system

for,an T required 'maintenance action. Also_ to identify a system leak whichwill

require, unsched_/led main tenanc e.

, L ' l

TASK LOCATION:

TASK EQUIPMENT:

139

161

113

, i , i i , , _ | • i ,,, ,

Storable,Pro, pall ant Facility/KSC and WTR

112 APS Loading Access Kit
• ,u i ,

Two Personnel Protection (SCAPE)
| | i , ,m

Gas, Sampling Equipment
|, i , i, t ,i

Pneumatic Console
i , i i i L I

Propellant Servicer
t i L , i

,, i

183 Transporter

182 Tractor

12B/122 Covers
i |, ,

163 Pro_ or Pneumatic Cont.
Console

,i e ....

MANPOWER REQUI REMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH I0 M-HRS
• i J

MECHANICAL TECH 2z_ M-HRS

AVIONICS TECH 15 M-HRS

ENGI NEERI NG 16 M-HRS
, i, i i m: i .

QUALITY CONTROL I0 M-HRS

SAFETY lO M-HRS
I • i i |

OTHER l_/S_ M-HRS
t ,

Cryo safing must be completed prior to this activity.



TASK DESCRIPTION SHEET

SHUTTLE I;4PACT

TASK TITLE: RECOVER TUG AT SAFLNG AREA (3.2.2)
• - , | | . i ,, . i • ,m

TASK OBJECTIVE: To remove returning Tug from the Space Shuttle Orbiter Vehicle

TASK PURPOSE: Remove the Space.Tug to i ni%iate the Tug ground turnaround

.o.perattonsand release the Orbiter for its turn ar.ound operations'

| i i i ,n , mi | i , ,

TASK LOCMION: Safl.ng Area/KSC and WTR ....

TASK EQUIPMENT: 183 Tre_s_orter
q - | _ , ,,•

__ OTerhead Cranes

lbO _ Tag Li-es
| |l |,u

12B Tug Co,,,er, .....

191 Work Stands

12h .Cradles
,L " '

Ul I |, I I1' '

182 Tractor - Tr,.Rns_n_ter

im , i

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

|, i ,, i i,,

0 M-HRS
, ,,| , i |

'_n H-HRS

n M-HRS

6 H-HRS

OL , _ H-HRS

2 H-HRS
Ji ,m

,, . :_9 M-HRS

!



TASK DESCRIPTION SHEET

TASK TITLE:  covzR cuG AT MCF_[3.2.3,).....

TASK OBJECTIVE: T or_gve the returnin_ Tu B from the Space Shuttle Orbiter

Vehicle.

,, , , , ,, , , , ,, m,

TASK PURPOSE: Remove,the Space Tug from the Orbiter to initiate the Tug

t_rnaround operations and release the Orbiter for its turnaround operations.

.......... , -, i i i , I |i |

, • , | • , , ,, , .........

TASK LOCATION: _CF/KSC and WTR
, , ,, , ,, ,,

TASK EQUIPMENT: 8_ Tr _ _ , , ,

Two Overhead Cranes

lh0 Four Ta_ Lines

123 Tu_ Cover

191 Work Stands

| i i , wl ,

, , , ,, , , |, i , ,m, ,

126 Cradles

MANPOWER REQUIREMENTS: PROPULSION TECH ......

MECHANICAL TECH
i

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

:',TERFAC£ REQUIREMENTS:

__c_e for its qperations.

'L

0

I0

0

L

6

0

2R

M-HRS

M-HRS

H-HRS

M-HRS

M-HRS

M-HRS

M-HRS

Task must be com oleted by G.E.T. of 25 hours to



SHUTTLE I'.._ACT

TASK DESCRIPTION SHEET

TASK TITLE: R__.cov_ TUG AND SPACECRAFT AT SAYING AREA (3.2.b)
i i | , i, , i i ii , -

TASK OBJECTIVE: To remove the returntn_ Payload from the S_aee Shuttle Orbiter

Vehlcle.
i i i,

i i i L , - -- |, "|

TASK PURPOSE:

, lira i , i ,,, i • i

Remove the payload.to initiate the payload turnaround . 9perations

and release the Orbiter for its turnaround operations.
i • i |l i L i , ii , i

i i i im ii i I i i

, | • i | ,| ,i • • i |,- - , , , ,| L , , | ,, |, ,

TASK LOCATION: .S.afin_...Area/KSCand WTR , ,

TASK EQUIPMENT: 183 Transporter
L I i

...._2_ c;aezes

2 Overhead Cranes
L I ,

lhO _ Te_ LSn?s

123 T_.Cgver

122 S_aceoraft Cover

191 Workstands
ii i

, , ,, ,! • • ,, ,

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

• AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUI REMErlTS:

, |ml ,

0 M-HRS
i : • N

15 M-HRS
l i

o M-HRS
ii i • Hi 1 i

6 M-HRS
, a

0 M-HRS
i

2 M-HRS
i i i ziz |,l

3O M-HRS
z z

% i i zm | i

'-;e(



TASK DESCRIPTION SHEET

TASK TITLE: RECOVEx TUG A_ SPACECPJ_. AT HCF .(3"2"5)

TASK OBJECTIVE: To remove the returning Payload from the Space Shuttle
i I ] ,i i i i | _ l

Orbiter Vehicle

TASK PURPOSE: Re_ove the Payload from the Orbiter to initiate the payload
i ,, i

turnaround operations eu_d release the Orbiter for its turnaround operations.

TASK LOCATION:

TASK EQUIPMENT:

i , , ,

MCF/KSC and WTR
|

183 Transporter

Two Overhead Cranes
, L , i

lhO Four .TaF Lines

123 Tug Cover
i ml , i

122 Spacecraft. Cover

191 Work Stands

12h Cradles

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 0 M-HRS
| ii

MECHANICAL TECH !5 _. ,, M-HRS

AVIONICS TECH 0 M-HRS
i i •

ENGINEERING 6 M-HRS

QUALITY CONTROL 0 M-HP,S

SAFETY 2 M-HRS

OTHER 2h M-HR5
i, • i ,i

Task must be comoleted by workinK time of 25 h_u-_
q ,i, ,,

to free Shuttle for its operation.



TASK DESCRIPTION SHEET

TASK T[TLE: _co_s Fs_..(c_zzz)E_UZP._T CCOZ_SO_).(3.2.6.a) .

TASK OBJECTIVE: To remove ,the display and ,control, equipment, from the

returning Orbiter Vehi?le:

• , , ,, , ,,,e , 1 ,

TASK PURPOSE: To initiate, the turnaround operations ,of the,.,'_ Displ&yand

Cont,roljE_utpment and release the Orbiter for its, turnaround operations.

, , ...... ,L , ,

,, , , , , i i, , • , ,, i i

TASK LOCATION: HCF/KSC and W2R

T.e_K EQU_]PMENT: 13h _Equi_,ent Van

191 W_rkstands
, , ,i , , l ,,, ,

L

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

MIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

,[ i , i ,i

o M-HRS
, w| ! , , , ,

5 M-HRS

2 M-HRS
i i i

o H-HRS
L

3 M-HRS

0 M-HRS
i i i • ,

I0 R-HRS



TASKDESCRIPTIONSHEET

TASK TITLE: e_co=e Fsz (CABnZ!EQO.Zp_T (COSEC),_ (3.2.6.b),....

TASK OBOECTXVE: To remove DOD COMSEC FSE from the Orbiter cabin.
i i • i i i • i i i j ii

• n i • • i i , i i , i

, , , ,, ,i , n , ,• t , |, , ,,

TASK PURPOSE: To initiate the turnaround operations of the COMSEC egui_nent

and release the Orbiter for its turnaround operations. •

, , i

TASK LOCATION: MCF/KSC and

TASK EQUIPMENT: 13_ • Eouimment V_.n

191 Workstsmds

MANPOWER REQUI REMENTS:

INTER;ACE RECUIREMENTS:

, , , ,,, ,,q , i • ,, i ,

PROPULSION TECH 0 M-HRS
i i • | i i i

MECHANICAL TECH i. 5 M-HRS

AVIONICS TECH ,, . !'5 M-HRS

ENGINEERING o M-HRS

QUALITY CONTROL o. 5 M-HRS
i i

SAFETY 0 M-HRS
i. i

OTHER 2 M-HRS
| ii i



TASK DESCRIPTION SHEET

TASK TITLE: RECOVER ME (PAYZ,O_ mY) EQUZP_ZT (3.Z.T)
I u ! i , , ill , i l

TASK OBJECTIVE: To remove the Tug Flight Support Equipment from the payload ba_
ii i i.illl iron i i i i

of the Orbiter Vehicle.
IN I i I l l liB I i I li I

I |l I I m • I I '_ " ...

TASK PURPOSE: To initiate the turnaround operations of the Flight Support
| i|ii ] llm i i i| lilml i i i ii i m I I mL

Equipment and release the Orbiter for its turnaround, opel-a_tons.
i .m i| i i i i H | i . | i i i i

i i i i i :l •

i i mm ii , ,i ,,

i, . ,,

TASK LOCATION: MCF/ICSC and WTR
i

TASK EQUXPI_NT" 191 Workstands
i.i _ i

i3_ E-_ui_ment V_

,m _.,. I m

' " =' '. ,I

I, I

I . •

iJ i

I , II I I ,, ml I •

I ....

, m| I II,

MANPOWER REQUIREMENTS: PROPULSION TECH

_CHJ_,NI,_L TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

1

5
i

5
• i i mira i

3

3

m _ i

19
• i , , ,,

M-HRS

H-HRS

H-HRS
i

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS: Operations must be completed prior to Shuttle workin_

time 01"l 26 ho ,urs. ..



TASK DESCRIPTIOfl :;HEET

TASK TITLE: TRAIISFER FSE TO PPF (3.2.8)
. | _ | n

• i • l

TASK OBJECTIVE: Transfer of Tug DOD Flight ::uppor_ Equiteaen_ -.-. ::.._ ._-7L;_4
i| i n

n ii H n
I

Processing Facility
n n , i nl , i , i _ , , i j i

TASK PURPOSE:

Support Equi_ent
l

• , , , i

To allow required turnaround operations on z:e Y,_, F_ITP_
, , i m, i i | i •

, • , j,,,,, • ,,, ,,,

, , [ , i ,i, ,

Jl i

TASK LOCATION:

TASK EQUIPMENT:

mm

MCF to PPF/ESC
l , ,

132 Equipment Van
i, . n

192 Security Vehicle
, . • i i i

mu , . ,

MANPOWER REQUI REMENTS: PROPULSION TECH 0

MECHANICAL TECH O

AVIONICS TECH O

ENGINEERING .... o

QUALITY CONTROL l

SAFETY ,. , O ,

OTHER 6/lO

INTERFACE REQUIREMENTS: _eoulres airloch OP,_ration

elpnnl i nm_,_

W..:--F.
n

v._

J_

i,

!
|

)i



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER FSE TO TPF (3.2.9)
ii ii i i •

TASK OBJECTIVE: To tr_sfer Flight Sup_ Equi_ent to the _ _ocesst_
., • ,. i i i i i i i i • i i, I I

_ctltty
I

. , in Hi L i _ i i ii --, , ,. , i i i i ,I

TASK PURPOSE: To initiate the ground turnaround o_rations on the _ight
! i i ii • L

Sup_rt Equi_ent. _. : _

| iii i ii i i iiii i t i i , ,! ....... i lU

I i i 1 ii i ii i ill i I

• i , illm it i I lira

! i i

ii i i l ll i I J l

l 1 ,, , ii i i i iii i i ii i iii i

i ii : - ,- • ,

TASK LOCATION: MCF or PPF to TPF/KSC
i i i

TASK EQUIPMENT: .13_ Eou:l.:pn',.e..:nt.v_

ii

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

.QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUXREMENTS:

1 i i

o M-HRS
ii i

.... o . . H-HRS

..... 0 l, H-HRS

.... 0 M-HRS

3. .... M-HRS

....... 0 _ H _

.|

10 M-HRS

i i i i i im

ii nl i i i i

b-I/7



TASK DESCRIPTION SHEET

TASK TITLE: TI_A_SFF_ FSE TO PPF (3.2.10)
ii i |i .u n u ± i

TASK OBJECTIVE: To transfer FSE to the Payload Processing Facility
i I , i ,,=, ,n

__ ,, , '"L ,, | I ,

,, ,, • I I , I• I I

t ' " ' '

TASK PURPOSE: To initiate Tug vehicle FSE turnaround operations
, , , i n I unto

,, ,, , •

, , I , L , ,,, , ,• I

TASK LOCATION: MCF-to-PPF/WTR

TASK EQUIPMENT: IBh Equipment Van
i L , , n •

KANPOHER REQUIREHENTS: PROPULSION TECH 0

HECHANICAL TECH o
L

AVIONICS TECH 0

ENGINEERING, 0
,i

QUALITY CONTROL i

SAFETY o

OTHER i0/i_

INTERFACE REQUXREHENTS:

H-HP,S

H-HRS

H-HP.S

X-HR5

H-HRS

H-H_

H-HRS

Z)-/,,#
" Jv_. .................



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER TUG AND SPACECRA_.'TTO PPF (3.3.1)
i _ i i • m i i

TASK OBJECTIVE: Transfer the returning DOD payload to the payload processing
im i i i . , - i .i i JL i

facility at KSC

| mL • L | , L , | • ., . ,

n I I n ,u i i q | , , ..,, I

TASK PURPOSE: To allow the retur.ntng DOD payload to begin demating and main-• , i • _ I i | -- | • i . .i i i i,

tenance and refurbishment operations and to release the NASA Tug for TPF
_t I ........ ' " • | " I

operations.
In I I I I ,. • i I • I I I I I ! • II • I

, .... , In I

, I n

TASK LOCATION:

i I i| i i i i J i i i |l ,

PPF/KSC

TASK c_oTD_rMT. 183 Transporter

182 Tractor

123 Tug Cover
_ e • m

122 Spacecraft Cover

192 Securit:¢ "'-_'_""°,_,,_
• i i i ,

i | i| il

, , , I

,,m ,m, • |,n u,•

unto

124 Cradles
, i ,i

HANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

i| m,m , I I I I l ' • ' • "m II

PROPULSION TECH .. q ,, , N-HP.S

MECHANICAL TECH , .2 H-HRS

AVIONICS TECH 0 ...... N-HRS

ENGINEERING ,. ,2 , ., M-HRS

QUALITY CONTROL o M-HRS

SAFETY o_ H-HRS

OTHER zo/l_ M-HRS

n --•u n



TASK DESCRIPTION SHEET

TASK TITLE: DEMATE TUG AND SPACECKAFr (3.3.2)

TASK OBJECTIVE: To separate the returnin_ Tug and spacecraft.
,ira i w| ,

TASK PURPOSE:

spacecraft.

To allow recycle operations to begin on the Tug and the

TASK LOCATION:

TASK EQUIPMENT: 191 _rorkstands,

Overhead Crane

Spacecraft Slings

183 Transporter
, , i

12h Cradles

i

TPF/KSC and PPF/WTR

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITYCONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

0
i i i

3

, , , , 3

1
li• i

0

M-HRS

M-HRS
|

M-HRS
J

•• M-HRS
i

M-HRS

M--XR5
i

M-XP,5

1
,, , t

'L ' ' , ,



TASK DESCRIPTION SHEET

TASK TITLE: TI_J_'_SI_i_ TUO TO TPF (3.3.3)
± li, . i | | i I

TASK OBJECTIVE: To transfer 1;he rel;urn:_ng Tug t;o the Tug Processing Fac:Llity
i i, I t rail i i i i i i am i i i

i i • .... m , ,,= i i i

I , i

TASK PURPOSE:

i i |m _ i | , ii i i iiJ i i i i

To allow the recycle operations to begin on the Tug vehicle.
....... -- i i ii i i L ii

....... • .j i i i ]

I

i I i a i • i • i

I roll

TASK LOCATION: I_c .......

TASK EQUIPHENT: 183 .TrAnsporter

!8_ Tractor

123 _.= Cover

Ov_rhesd Crane
.o.

12_ Cradles ,

ii i

i i L i |i ii i i i

r e-w,----

HANPOi_ER REQUIREHENTS: PROPULSION TECH 0 M-HRS

MECHANICAL TECH , _ H-HRS

AVIONICS TECH 0 II-HRS
=.. .

ENGINEERING I_ • H-HRS

QUALITY CONTROL o FI-HRS
,, ,m

SAFETY o H-HRS
ii | t i i

OTHER . ,,1_ L H-HRS

INTERFACE REQfJ!REMENTS: .........

-/z/



TASK DESCRIPTION SHEET

TASK TITLE: RECOVER SPACECRAFT EQUIPI_TT (3.3. _ )
i i || i i • i ,i _ " -

TASK OBJECTIVE: To recover DOD peculiar spacecraft......... equipment on a delivery
| .i i , i i | i m

mission.
i i • [ .i • i ii • ii i ..i i I

i i | , ,, , , • L __ I |

, I ,| L I ,. ' ' ', | "

TASK PURPOSE: To remove DOD spacecraft equipment to "declassify" the Tug

vehicle prior to recycle operations in the TPF.
i • i| i • t ii | J | i i i ii i .i | i

i. i i i s i i i i llw i

,, • . , i i ,J i | L | I '_ ' . ,

" I

TASK LOCATION:

TASK EQUIPMENT:

PPF/K_C
i • i

183 Transnor_c,r

191 Work Stands

Overhead Crane

123 Tug Covers
,, i | i,

124 Cradles
, | i , i i

, , m,

, , | ±

,[

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

l , ,

PROPULSION TECH .... 0 , , N-.HRS

MECHANICAL TECH i . 2 . H-HRS

AVIONICS TECH _, , M-HRS

ENGINEERING o,._ M-HRS

QUALITY CONTROL 3 M-HRS

SAFETY o M-HRS
i

OTHER . ..8. . M-HRS

- 2--



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER TUG TO PPF (3.3.5)

TASK OBJECTIVE: Transfer Tug 1;o the.,DOD PaYload Proc.es,st _ Faci,ltty.

JI I iii ii I i i|| i iii I

TASK PURPOSE: For DOD Pa_lo.._. ,Peculiar Equ, ipment.,removal at KSC to

inlttate turnaround operations of the _g at WTR.
,n | m i

,, i ,,,

TASK LOCATION:

TASK EQUIPMENT:

,m i

MCF-to-PPF/KSC

182 TTacSor
i i i i ii ._ ii HI I 'L

123 Tug Cover

12_ Cradles

192 Security Veh.icle

, ,m i

, |i ,

MANPOWER REQUIREHENTS: PROPULSION TECN

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

i m i ] ii | i i

0
,,m ,

2

0
| , i , . ii

2
. ,,u ii i ,

0
. | .|u,

0
i ,,

lo/1_'
i i

INTERFACE REQUIREMENTS: ......

.., , , i • . ,, ,, i ,,., ,

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

t m i ,|



TASK DESCRIPTION SHEET

TASK TITLE: TK%_SFEe TUG, _J;D SPACgCP_T TO TPF (3.3.6)

TASK OBJECTIVE: Tranp:er.,,the returning payl0_ad to the Tug processin_ fa?il!ty.

m | , i ,i , ml i L , L i

i i , , ,

i , • , i .... -, u t, , ,, , "L ' I

TASK PURPOSE: ,,.T0,al!?w the returning payload to begin d,,emattng and maintenance

ar,,d refurbishment operations.
i i i J • Ill I

' I

I

TASK LOCATION:

TASK EQUIPMENT:

182

123

122

i I , ,

IO_C
ill i i

183 Transporter

Tractor

Tug Cover

Spacecraft Cover

Cradles

Overhead Crane

J ! , . , . ,

,i |ll i

l

J

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

i , | . ,, , ,, , .,i , i

PROPULSION TECH 0 M-HRS

MECHANICAL TECH 3 ' M-HRS
L I II I II I_l

AVIONICS TECH o H-HRS

ENGINEERING M-HRS
i

QUALITY CONTROL 0 M-HRS
i i i

SAFETY 0 H-HRS

OTEER z3/ 7 .-HRS
i • i|1



',. j

TASK DESCRIPTION SHEET

TASK TITLE: DEMATE TUG .AND SPACECRAFT (3.3.7 )
i

TASK OBJECTIVE: To sepe_ate the retul-nin_ Tug and DOD spececred_

i i i i , i i il

i i i ii ii

i

TASK PURPOSE:

spacecraft.
i .

i i i i i, i. , i i

To alloy recycle operations to begin on the Tug and the
iJ i i Hi I I • I

I U I I I

TASK LOCATION: Payload Processing Facility/KSC

TASK E_J] P..,_*NX: 191 Workstands 12h

Overhead Crane i"_0
L i . ii i

Cradles
ii

HQ_L__ ...... K_t

i i i

Spacecra.,ft Slings

183

123 Tug Covers
i

122 Spacecraft Cover

MANPOWER REQUIREMENTS: PROPULSION TECH "•

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0
ii

IL
i i i

1.7

_.._

I._

,,

10.5

INTERFACE REQUIREMENTS: ,, ,

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

N-HRS



TASKDESCRIPTION SHEET

TASK TITLE RECOVER SPACECRAF9 vc,"r_r_',_ (3.3.8)
, , • , , ,t

TASK OBJECTIVE To recover spacecraft pe?_Zlaa equtlment follov_.n_, a deltvez_

mission.
q

TASK PURPOSE To remove .s__ecial ' spacecraft e quil_.ent from the Tug prior to_

recycle operations in th e PPF.,,

t i , i

TASK LOCATION PPF/_R and TPF/KSC
i | i i i ,, i i

TASK EQUIPMENT: 183 Transporter

l

191 Side Work Stands

12_ Cradles
i i i ,,,

MANPOWER REQUIREMENTS: PROPULSION TECH

MECMANICAL TECH .

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

0 M-HRS
i

i. _ , , M-HRS

o.:s/2.:s ,, M-MRS

0 , M-MRS
t i

0 M-MR5
J i a

o M-HRS

3 M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: TRAf_SFER TUG TO PPF (3.3.9)
. i i e i I I I I •

TASK OBJECTIVE: To transfer the returning Tug to the P,ayload ProoesslnK

Facility
• i I i u i

n,n n I n nl ,I n u I

n

TASK PURPOSE:

ii n i i I u lie i

To allow the rec_vcle o_eral:tons to begin on the Tug vehicle.
I j i I I I I I L

• _ n nn I nnnl u In I I I I

I nun inl n II I n I I In • I

in u II I n nn n

• L i l

i i inu inn _ nl u n m I I n q

.... I i luq I

TASK LOCATION:
i I Ilm

TASK EQUIPHENT: 183 Transpgrter

182 "-''*'-

133 _, Covers

Overhead Crane
u

Airloek
, o .

12_ Cradles
ill

I_POWER REQUIREHENTS:

INTERFACE REQUIREMENTS:

n

PROPULSION TECH 9 ,,.. M-HRS

HECHANICAL TECH 3 M-HRS
I i e

AVIONICS TECH , 9 __ M-HRS

ENGINEERING ,h , H-HRS

QUALITY CONTROL , ,_ , o , , M-HRS

SAFETY ..... o ,, M'HRS
ii

• OTHER , _13/Z T M-HRS

leJ,q

b -/z?



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER TUG _D SPACECRAFT TO PPF (3.3.10)

TASK OBJECTIVE: Transfer the r?t,urningLPayload to the Payload tTocesstng Facility.

TASK PURPOSE: To all?w the returning _ayload to begin dematin_ and maintenance

and refurbishment o_erations.

| , i • i ..... •

_ ii . I

TASK LOCATION: WTR.
ii i i i i • i

TASK EQUIPMENT: 183 Transporter ,

182 Tractor
Ii

123 Tug Cover
i

122 Spac ecraft Cover

Overhead Crane
i,L

I L

!

HI | I Im

L '| |I

Airlock
ii . • _,, i

121_ . Cradles

MANPOWER REQUIREMENTS: PROPULSIONTECH

INTERFACE REQUIREMENTS:

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

3
i

0
m . _,, i •

13/1T

, ..... i

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK TIMELI_ES

FOR

TEE CRYOGENIC TUG

OROURD AND LAUNCH OPERATIONS

13 FOLT 1973
/"

NOTE: The timelines enclosed utilized the following skill

breakdown notation as furnished by NASA:

a. Propulsion Technicians

b. Mechanical/Structural/Thermal Technicians

¢. Avionics Technicians

d. EngineerinE

e. Quality Control

f. Safety

g. Other
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FLIGI_ $5 FTW,':RE

DEVEbOE_F/IT AI;D OPERATIONS TASK FLOW

!
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_ f'F!_'":?l 7_:,"el:._!IESI..i

_E:>U!PI:_E_LTS A':D GUiDA_;CI

PHILOSDPHY

t__.

DZFI_;ITIO:: OF TUG

OPEEATIO'_AL PJ_Q. ,
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_ ?RODUCE FLIG'i_ P_IC.-,F24.!i

DEVELOP_.Y£/_ AHD VERIFI-_

CATION OF GUID2/ICE _;D

CONTROL EQUATIONS

"%_ "
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MDAC-FURNISHED SOFTWARE (EQ NO. 311 }

IS A CONTROL PROGRAM FOR

= COLO FLOW

• STATIC FIRING

MDAC CABLE KIT

EQ. NO. 308

MDAC

AEDC

AEDC FURNISHES ALL

SUPPORT SOFTWARE

ANO THEIR SYSTEM

CONTROL SOFTWARE

____ TEST I

n VEHICLE ]

MOAC " ' i

I INTERFACE I

JJUNCTION BOX I

I,EQNO.310 I

---J m . =

MULTIPLEXER

!
1 1ANALOG TO

DIGITAL

CONVERTERS

I
MAGNETIC ITAPE UNIT

,!
360144 "H
COMPUTER

SYSTEM

!
CRTDISPLAYS

t
i

i
i

CR 143

o

I
• I

\
MDAC HOLDING FIXTURE

EQ NO. 309

LINE

PRINTER '

ON-LINE

PROCESSO R

• Propulsion Test Vehicle/Ground Support Equipment Assembly

-t_
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. CONFIGURATION OPTION

GSE DESCRIPTION SHEET

N_4E: AIR CARRY ENVIRO_rM_AL KIT -- VPG EQUI_4_!T NO. 104
l, , =

FUNCTIONAL REQUIR_4EI_ (S) :

Maintains the stage fuel and LOX tanks and the propulslon subsyst_s in a clean

condition during transportation in the Super Guppy.

,, , ,,,,

EQUIPMENT DESCRIPTION :

_DSV-hB-1862

l

i , , ,,i , ,,, i , , ,, ,, ,,

COST $

$

EQUIR4ENT CATEGORY:

NEW

IST YEAR REQ' D

EQUIP;._I_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_.IBER

1.1._

(DESIGNAND DEVELOPMENT.)

(_c, um_:molt_rr)

MODIFIED 10% AS IS 90%

NUMB'k_ AVAILABLE

LOCATION N[_BER

REQUIRED REQUIRED

KSC 1

TOTAL REQUIRED
I . TO_ALcost $ . 36o9 , ,

E-/8



0SE DESCRIPTION SHEET

COI_IGURATI0i OPTIO_I

RAME: AIR CARRY ENVIRONMENTAL KIT -- VPG
i i nl • , i umla

mUIR4FRT NO. 105

Iq_tnta_ns _he stsge fuel and LOX tanks and the p..rol_lston subsystems in a cleum
-- -- ! i i i is i i i i i ii i i , I i

dry condtt£on during transpor_atton in the Super Ouppy.
Hi

IN n I u • Ill I i ii n ii i i

#
i l m i a

B_JII'MENTDESCRIPTION:

• u_illH x_-v-_B..'n86,_ (GI"E} •
n n i

i j I I I I] m I u ,n n nnu am • i

-- I i I I u m I i nl n i I n i : n n na i

im i • n •

COf_,,T

u

$ ,0,,

• 0
i

EQUIPMI_IT CARRY:

MEW

M TSAR RI_'D
II

EQUIPMENT UTILIZATION:.

FUNCTIONAL

FLOW BLOCK

liftER

i is tl

I u n mn °n u , , , m, ,,m

(IESIGN .AID D_-OP_IT)

MODIFIED AS I"8 i00_

L00ATION NIR"BER

REQUIRED RI_UIRED

- iJ u i •

i nl nn

n nn ] n un

TOTAL R_UIR_ 1 TOTALcos_ $ _0 _
• II

,



VIEW A (2PLACES) VIEW B (8PLACES)

186106..1-1 ROLLER

1861008-I TRANSFER KIT _ IB61034-1

SPACER

]B6103._-2

SPACER

I861011-I

BE _',I(4}

IB61033-I

SPACER (4)

186i035-1

SPACER (2)

1B61010-1 TRACK (10)

• _/1861012-I

SUPPORT

BEAM ASSY

IB51285-1

•TRACK (2)
o.,"

FIGURE I.

ROLLER TRANSFER KIT
/l

o I ! I

--- I [-- I"- -
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CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAME: AIR CARRY ROLLER TRANSFER KIT -- VPG
i ,, i. i ...... . D_.UIR4_'T NO. I0_ ..

FUNCTIONAL RE0.UIR_._I_(S) :

Provides the means of adapting the transporter to facilitate the traDsf_$ng

o1" the stage vhen the stage is shipped by Super Guppy.
i ,J _ , ........... i -

v

EQUI_T DESCRIPTION:

_ Ut,:l.lize OSV-_B.1863 (GFE). ..

!

i • , ,,, , i i , ,

COST $__ -0- ,

$_ -O-
i | i

(DESIGN ARD DEVELOPMENT)

E_UIR4ENT CATEGORY -_

NEW X MODIFIED ASIS X

IST TEAR XE 'D NL_BER AVAILABLE

_UI I_.._-l_UTILIZATION:

FUNCTIONAL

FLOW BLOCK
I_mER

LOCATION

REquiRED

KBC
m J| i

VTR

i
i i i

.i
i i| J

i, ,i ,

TOTAL REQUIRED

o _ • --

TOTAL COST $ -@-

5



CON_ZGURATIDN OPTiO:_

GSE DESCRIPTION SKEET

NAME: AIR CARRY SUPPORT -- VPG
i i i i i

EO.UII_.IFRTMO. i07

FUNCTIONAL REQUIR_"r (S) :

ProT/des support for stage durSn6 all transportation modes.

P

EQUI;_4ENT DESCRIPTION:

Q.$,=izar to DSV-_,m-Z8:_9

COST (DESIGN AND DEVELOPMENT)

(RECURRING/UNIT)

EQUIR4ENT CATFI,ORY:

NET/ MODIFIED 50% AS IS 50%

]ST YEAR REQ'D NUMBE_ AVAITABLE

EQUIPMEZ_ UTILIZATIONi

FUNCTIONAL

FLOW BLOCK

NUMBER

/

LOCATION

REQUIRED

KSC

WI'R

NDMBER

REQUIRED

1

.I

TOTAL REQUIRED 2 TOTALCOST.... $ 50,000

6



......... __ " I_ :L--- _'-I J I I

I/2" OECELERATtON

CABLE (13)

I III I I I

j V :i

TURNBUCKLE

OPERATING
HANDLI

/
LOCK

UNLOCK

FORWARD QUICK DISCONNECT Ill i

SUPPORT [

!14" ACCELERATION

..,...i-

,, NASI336A2S58

l B61169-1

ACCESS

STAND -_

QUICK RELEASE
PIN (20) .

18513_0-I

ACCE_ STAND
SUPPORT

TORQUETUBE "IM ETY

PALLET _ _ PALLET ,. |

LOCK PI _. GUIDE ANGLE _',

VIEW B '" " - '

• FIGURE II ' _
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GSE DESCRIPTION SHEET

CONFIGURATION OPTIO_

NAME: AIR CARRY TIE DOWN KIT -- VPG m.uzmn:Trzo. zo8

Ft_ICTIONAL REQUIRD{E_.'r(8):

Secures stage inside Super Guppy and ..protects it from undue acceleration and
, , , r ,,, , ,,m

decelerat$on Inertia.

t

EQUIPMENT DESCRIFrION:

S_lar to DSV-_B-18_.

co_ $ _:: _ooo

,,, , |,, , L

(DESZCaAm_DEVZLOPME_T)

(m___mzT)

E_UIR4ENT CATEGORY:

NEW X

IST YEAR REQ'D

MODIFIED

NU_E_ AVAILABLE

_UIPI.IE_ UTILIZATIO};:

FUNCTIONAL

FLOW BLOCK
NS_4BER

AS IS

i

Nb%_BER

I_EQUIRED

ESC 1

TOTAL REQUIR_._ TOTAL COST $, 65"00



P

• AlignmentKit," f



CONFIGURATIOR OPTIO)_

GS?, DESC[_.[PTICN _HE>_

NA_E: ALIG.'-,_TT KIT EO.UIR4D:T NO. Ii0
i = im i Hi

FU_CTIOrb_L REC,UIP_._h'T(S):

Provides necessary hardvare for alignment, _Installat$on,...._ . and staging to the

spacecraft.

t

EQUIPMENT DESCRIPTION:

.s.:_n.,,.r to DSV-_B..-_O .....

IL Ill J l l Ill 11, IN i

co_ $ 7_ (DZSIO_Am) D__)
i

$_ 3300 (_cuimzz_otmI'r)

EqUIR4EL'T CATEGORY:

IST YEAR REQ' D

EQUIE_EI_/ UTILIZATION:

FU}ICTIO);AL

FLOW BLOCE

I,m"IJI.tBER

MODIFIED AS I_

NUMDER AVAILABLE

LOCATIO); NU_[BER

REq.UIRED REQUIRED

_FI_C i

_FI_C -i

.i i i i ....

TOTAL REQUIKED • ,ro:rALcost $ ,.t7,1oo

9
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CONFIGIJRATIOR OPTIOM

GSE DESCRIPTION SHEET

NAME: APS BREAKOUT COh"I'ROLBOX _ E_.UIR4FRT NO. III

nmc_zoN^_.RV.nUI._.NT{S):

. Provides individual electrical control of the APS thruster valyes and iso.lation

valves for checkout.

..... i i

i il L , ,

DI_CtrlTTION:

#

Twelve cable assemblies, suitcase assembly which contains one momentary sw., five
im ........ i i J , .....

j,,push b u_ton i.ndicator ' sw., one to_le sw., six indics.tor..lamps, two circuit breakers,

_one sSx-bank wafer sw., fir e /uxes, twelv e connectors , and associated wiring.

(Similar to DSV-?-I06).
.... , ,_ • l i,,

coon, • $ 500
i i J -

$ "25o

(DESI_ _m DEVelOP)

(RECURRI_GIUNIT)

EQUIPME,NT CATEC,ORT:

NEW X

IST YEAR REQ'D

MODIFIED 5_

I_'MBER AVAILABLE

.As Is 50_
,|, -- --

EQUIPMENT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

RIRBER

NUMBER

REQUIRED

Ne_ c'heckou_;-"
and )..1.11
New Checkout

and 1.1.11

m,

....T_/_C

PPF/_R

, 'Factor_
||

.

1
; i I

i |11

TOTAL REQUIRED

i

3 T(Y£AL COST $



OBE DESCRIPTION SHEET

IIM4_: APS LOAD:DIG JU_E860)P.l:_ KIT _tGI341D_ NO. 112
ii I |ll l

I_mCTIOWAT, nEc,.ulmn4Drr(_):

_ _ ,eA_ _s_ ,,_,lee," _o Tehle ._ _ pr_,i4, "=c,_uu,_.. t_._, ,_..,_llmemt.
I

requ/rs4 for storable AI_ los4t_.
m jill ill ii I IS I , II tl el I I | i L I I | •

_ II | II , II i i II II I I i i I I i IIi

Oolleetlon of hoses, tools, and other equtlment for use in APS loadl_ and
sm I I I I I I I I I ' • I' II II II I

un/oa41_ operations.
• sis, I I I I I J I

I I I I I ,1• l I I | ,• II , - i I • I | I

$_,, 1000 _ _ (_sz0a xaD __om:)

(az:mszso/mzT)

ll__ CATI_ORT:

_-----JL-.---

YEAR RI_'D

MODIFIED ....

AVAILkI_E

ASm

_U_ UTIL1T_TION:

_o_
_oe BLOCK

roN_m

2.1.7 ....

I

Ill I I

.S_blelESC_

II l

I

I

1

1

1
I • , • H

TOTAL R_UIPJ_

III I I I IIII " "

IIII I I I I II I I

3 _ TO_ALCOST $ 7._99

l

11



CONFIGb_ATIOR OPTION

GSE DESCRIPTION SHEET

_t_E: APS SERVICER mUIR4FRT NO. 113

FUNCTION^T, RE_UIR_NT (S) :

PTovldej_Lr_inKo l_adlru_o and unloadln_ of storable APS Dro_ellant systens.

, ii j i | J,m _ , ,|, i ii

EQUIPMENT DESCRIPTION:

Modlflcation to exlstlng Saturn APS servicer.
-- , ,, ,,, l ,, , • ,, , • ,,, ,

i ,i • i , , ,

,i i • ,i - , , i ,, , i m , , - _ , i,

-- -- , ,, j,,, o i , i i , , , , ,_ , , i

$ _oo _. (D_.szas _D DZ_LOP_NT)

$ 2000 .... (HECURRINGILrZiIT)

COST

EQUIPMENT CATEGORY:

NEW ..... MODIFIED _ :X AS IS

1ST YEAR REQ'D _ RUMBER AVAILABLE

EQUIPMEt_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

2.1.7
,i , q

LOCATION

REQUIRED R_UIRED

i • !
i

,, i ii

ii i,,

TOTAL REQUIRED _ TOTAL COST $ 5,000 .....



FORM X60-9_9.,3 (10.62)
,, II I llll II I _I I II I II I I I II I l II II I I I I I II

_YM
L

IDENT NO.

18355 __ ._ror_o_o=

:HEET



CO_'IGURATIOH OFTI0_!

GSE DESCJ_iFTIC,}_SHE_

NitS: BATTERY K_NDLL_G KIT D0.UI}_4ENT]ZO. 115

FU_CTIO._AL RECUIRE/._I_T(S):

Provides installation of batteries in stage when in horizontal or vertical
, |, , , , ,, , mw,m • , ,

po!ition.

EQUZR4EI_T D_CRIPTI0_T:

SimLlar to DSV-hB-h00
l

, , ,m i,,

• | i in ,,,, , ,

COST $
\

$

EQUII_,EI:T CATEGORY:

N_4

1ST YEAR REQ'D .

EQUIP;._I_T UTILIZATION:

FUNCTIO._;AL

FLOW BLOCK

Ni_4BER

_._.z0

I0,000

_ 2.0O0

{DESIGNANDDEV_)

MODIFIED _

NU_ER AVAILABLE

_rs 95_ .

TPY/KSC

REQUIRED

1

.I

|

TOTAL REQUIRF_9 2 TOTALCOST $



CONFIGL_ATIOR OPTIOM

GSE DESCRIPTION SHEET

NA.qE" CHECKOUT ACCESSORIES' KIT m.UIPMFRT _0. !17
i

rtNCTION^Z. RE_,.UIRm'_._IT (S):

AsseBbles miscellaneous equipment requtred for test and checkout.
, i m -

i ,i i i i i j ii i i i i i i i r i

J iii ,11 ii i m i i • i i i ml i m i

i i i i i i i i| • i i i | i _

EQUIPMENT DESCRIPTION:

Collection of hoses, gage-regul&tor assembl$es, fittings, leak test equ/l=nent,
iii i i _ i i i I i i i • i i.

test plates, flow meters, and other miscellaneous checkout equipment.
__ _ i i i i ii i i im i i i ill i

I i i i ii i I i i i i ii i

i , ii i m j j i

( olum )

E_IPME/_ CATEGOR_f:

NEW
•, iii

IST TEAR _'D

MODIFIED X _ AS IS

_ _ AVAILABLE _ + :

E_J_-PME)_ UTILIZATION=

FUNCTIONAL

FLOW BLOCK
NUMBER

LOCATION Nt_PZR

REQUIRED REQUIRED

1.1.7.1 :K_ _ h
i|

I _ i ii _ II I ii

ill

TOTAL REQUIRED

II I I sl I

8 TOTAL COST $



GSE DESCI:IPTION SIIF-.I-_

NAME:
CIiECKOUT CABLE KIT _QtrIF,.IYI:TNO. 118

FUIICTIONAI, RECUIR_,I._(S) :

Provides Interconnects between test sets, vehlcle 9 power, etc.

'EQUII_;T DEJCRIPTION:

Consists of all cable, (power, RF,signal) required to support Tug

Unique checkout in all areas. Cable network - 70 cable assemblies

breakout box.

COST F_ UNIT:

(80 ft) long - (35 60 pln cables; (18) h pin cables; (3) 39 pln

cables; 7 coax cables; (5) 2h pin cables; breakout cables and general

Similar to" DSV-_B-Y26A.

$ .. 13.500 , (DESIGN "AND-D_ELOPMENT )
0

.$ 5,100 C__.O/'O'S'rT) "

EqUII_4EI,'TCATEGORY:

N_ , s MODIFIED 30% AS IS

IST YEAR RE_'D 1,1T,J_._ AVAIIABLE

EQUIM4E_ UTILIZATION:

I_JHCTr01IAL

FLOW BLOCK

Ntff.IBER

i.i.5,1.i.7 ALL
ii

1.1.8 ALL

1.1.9 ALL

1.1.1_

2.3.9. 2.1_.2

LOCATION

RFE.UIRED

KSC

WTR

°

Factory

,, . , ,,

am--

i

"I

TOTAL REQUIRED i0 TOTAL COZT $ 64,500

,-T :'_'. ..... -r_



#

p;;' -... _'_ ,,..w ,e .........O ll .... , ! ..' ,
r i -, --,, ,, tl'i II • t o" ':: _l¢_llCi ',' II I' _ i I .y,;,,,o.... ti #._,I.. , _7 ,._...._, .Ir"l '!I ' ':"°' I

=. , i ii: tl.,it,,,I I tu'l:'-ll2 Ii

•J "!IdO_ :..'_.1!

I!_ " !! ',-7;-=';11'"'.., .'.''...,! _ .'_i ,,, _o u',

fig I II .... . _, _'| Vii I i t t ..o ; I I,
• - _ " i " -- : • ,, • -,_'*I __. Ill ,,'l "i i r"l I_1_ _ _ i 1 i_! Ill .. 1,I . ; ,.I -- I. !
I .... [. "'" " .1 • I I1__ " i '11 r"l'l I .il ,,,,i,,.,,l

' ,1" I '!'!

I_--_=--=! !----- ! ,-_---_l.l---j: i---,._,-----_
•. _ ._., ..i,..-----.:--_...'- .--. ,' ' ".I _''' .. _ _il.. "-': ...,_ -_ _I l_:i

-- - - '_ _-,|, , =, _n • J . - ...........

CO.."/_L_..IICATIONSYSTEm. T_,%'TSET



GSE DESCI:IPTION SHE_

NAME: COMM_ICATION SYSTEM TEST SET mUI_.I_;T _I0. ll9

Receives, demodulatee PCM data from spacecraft , provides for outmut to co m_uter

storage, contains di_s_lay for visual data monitoring of incom!_ siKn_

muting of data to external areas for further processing. Can be controlled

locally or through com_uter.
f , • , , ,

EQUI_4ENT DESCR IPTIO_1:

See attachment.

i ,, ,, J.,

COST PER UNIT: $ 63_,000 (}_OH-RE_RRING)

$ 533,000 (RECURRING/YEJ_)

E_UIR4_;T CATEGORY:

NEW _ X MODIFIED AS IS

IST YEAR REQ'D NU_ER AVAILABLE

EQUIPMEI_ UTILIZATION:

T_NCTIONAL

FLOW BLOCK
NUM_ER

LOCATION

RE@UIRED

1.1.8.9 Tm,lrsc

  FIWTa

Factory

1

1

1

-- ,,, ,

TOTAL REQUIRED 3 TOTAL COST $_ 2.766.000



EQUIPI_T DESCRIPTION

NOMENCLATURE

X-Y Recorder

_eep Oscil£ator

Signal Cenerator

VSWR Meter

RF Pover Meter

Misc. Equ£11nent

Frequency Counter

.Frequency Converter

S-Band Test Transmitter

S-Band Test Receiver

S-Band FM Receiver

Payload PCM Demodulator

_S/NkSA PCH Demodulator

PCM Decomnutator

PRN Rangins Assembly (SGLS/NASA)

Error Rate Measuring Unit

Ccmnand Signal Conditioner (SGLS/NASA)

Re_tlated Power Supply

Logic Power Supply

PCM Simulator

Oscilloscope

C_ibration Test Panel

Manual Control Panel

RF S_tch Panel

6ource Selector Panel

RF Attenuator Panel

Quick Loop Panel

Voice Cc_nmic at ion Panel

N Voltmeter

Circuit Breaker Panel

Patch Panel

Analog Strip Chart

BIlevel Strip Chart

lq4 Oscillograph

Di_ts£ to _og Converters

G_ivan_eter Drive Amplifiers N= 7

1 X m

1 X m

1 X •

1 X

1 X m

TBD X •

1

1

2

2

1

1

2

1

2

2

2

1

1

1

1

1

1

1

2

3

1

2

1

3

3

2

8O

6

X X

REMARKS

SEquil3zent to be

made available

at launch complex

in the event of

transmission

failures.

Similar to DSV-

_B-123 and DSV-

Similar to DSV-

&B-2_0, D6V-_B-

_38, DSV-_B-239



GSEDESCRIPTIO}_SHEET

CONFIGURATIOROPTION

NAME: CO,qPONENT PROTECTIVE COVERS _ EQUIR4FRT NO. 120

r,JH_o_T. REC.UIRF_..HT(S):

Provide prelaunch protection for vulnerable components. Removed prior to launch
ii il i ,,, i i i, ii i i

and returned _o factory for re-use.
...... , ., ,

• ii ,i ! i ii ! , i il |il Jl t i i I

EQUIPMENT DESCRIPTION:

Protective covers for bellows, titanium bottles, and other components subject
, , . i iL • ,, L I

to ground handling damage, including G&C lens covers.
-- i , . i ..J i ,. | , , i || JR i

¢0_ 2OOO
: , i

... 7o0

(DESIGN AnD DEVE_PMmT)

EQUIPMT_:T CATEGORY:

NEW , _D_I_ ASIS

IST TEAR REQ'D NUMBER AVAILABLE

EQUIPME_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

LOCATION

R_UIRED

Nt_tBER

REQUIRED

1.1._
Li , •

ESC
.,...

WTR
ii i i

± i

i i

TOTAL REQUIRED

,,,t , i • ,

TOTAL COST $ 5,500

17



CONFIGURATIOR OPTIO}_

OSE DESCRIPTION SHEET

• tqz:COMSE,C,Equz,_T
i i im

m_R.f_T ec_. Z2l

IqmCTZO_L REO.UIRF_4ENT(S):

To decrypc telemetry from DoD spacecraft and Tu_ vehgcle to. the.telemetr 7

ground station. Also utilized to encrypt telemetry from the telemetry ground
, Ill1 I "

station to the on-orbit element.
II i i i i i i ii i i J i i ii i i m i i

t
i ,iLl i i i I

EQUIPMENT DESCRIPTION:

sis tl I i 1. i t a -

I L ii|ll I |,l, i

II I • ii i |

,prz r;c k 0f n_/DEcen T SNCXTe_SQUZe,,

I i i i i I i ' ''=' | i I

I i il i II I II iilil ii i ii i I

E_.JI_ CAT_/_.ORT:

d% ,,

o

........ (=szox _un)Dmzmexs_)

...... (ssc'unzxo/usz_)

I |

IST YEaR REQ'D

_E_J_I_.__PNENTUTILZZATION.'.

FUNCTIONAL

FLOW BLOCK

NUMBER

MODIFIED AS IS X (GFE)
• il

_ rCMBm AVAILABLE
l i I il

LOCATION NUMBER

•RIK_UZRED RE_UZRED

ESC 2
I I m i •

..... IlI I I

o

I

TOTAL REQUIRF_
I I I

I l|l ii i

• I I II I

HI I

TOTAL COST $ _ e.O0
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• ,+
+

.



Cui,_iGtJI_A'AIO_ OPTIu?Z 03I

GSE DESC!_!}'?ION SHEh'T

RA!4E: COVER - SPACECRAFT EOUI]%I_:T IZO. /122
, , |,

FUNCTIONAl, ._E_UIREI_I.'T(S):

To provide environmental and physical protection to a SC vhile

it is Joined to the Tug on the transporter.
. u.

--,. ,. ! ., ,

__ i

EQUIF,-IENT DESCRIPTION:

,A rubber ' impregnated fabri?, ?over for the sc designed to integrate L

i ,, i, , , ,,

CO_r P_2 UNIT: $ _:O00

$  oo,,
,i •

(DESIGN AND DEVELOPMENT)

(R.CCU]_INOI_IT)

E_jI_..,,E!:TP^n-=nnn-:

ti]_;f X MODIFIED AS IS

]ST YEAR REQ'D t_ml,._ AVAXXABLE 0

F..QUI!'..4EhTUTILIZATION:

I_3NCTIO]:AL

FLOW BLOCK

NtR4_ER

1.1._

1.1.2.1
|, , ,

z.'t.z.6

2.3.6

LOCATION

RF.0UIRED

WTR

NI_4B_'R

REQUIRED

I
i • , .....

i

TOTAL RFQUIRLD

m __ •

TOTAL COST, $
5,500
|

4/



GSE DESCEI}'TION SHE>?_

NA'4E: Cover-Tug EOUI VMFI:T NO.

FUNCTIONAL REQUI REI_I,_ (_) :

To provide environmental and physical pro%ection to the Tug

123

during transport protection to the Tug during transport and

storage in the horizontal position.

#EQUII_,4ENT DI'ISCRIPTION :

A rubber impregnated nylon fabric cover fabricated to V shape in three

segments which are assembled on the Tug by laced and zippered closures.

CO:,"r Ph_ UNIT: $ 3500 (DESIGN "AND DEVELOPMENT)

800 (_C_ING/_IT)

E_IPMEI:T CATEGORY :

X
ND_! MODIFIED

............. 7 ....... --"

AS IS

IST YEAR REQ' D NU_ISR AVAIIABLE

EQUIPMENT UTILIZATION:

rUIICTIODAL

FLOW BLOCK

NIftiER

1.1.2.1

1.1.22

1.1.2h

LOCATION

REOUIRED

KSC

WTR

NIIMI_ER

REQUIRED

1
/

TOTAL REQUIR_:D '"OTAL CO.ZT $ Y, 500



,L

f

L__.___,, _X.'_ _--.-'J_u u,_
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illi,';I I,'; i ._ .! .... i l, I, I" t" i_;,,,_l_i ".! , I
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GSE DESCIiIPTION SHE_

RAME: CRADLES _ ' " E_.UI_4FIIT IIO.

FUtlCTIONAI, .qECUI Rt...'L@:I,'T(S) :

To provide a means to support and restrain the Tug on its transporter.
J

, , .

EX_UI_4ENT DESCR IPTIOII:

An intermediate steel structure to fit between and attach to the Tug

and transporter.

COST }'E_ UNIT: $ i00,000 (DESIGN J_ND DEVELOPMENT)

$ 65,000 (RECURRING/UNIT).

E@UIHP,EI:T CATEGORY :

X

IST YEAR REQ' D

EQUIPMENT UTILIZATION:

FU1-TCTIOBAL
FLOW BLOCK

NUMBER

1.1.20

MODIFIED

I_JMBIL'RAVAI IABLE

LOCATIO:I

REOUIRED

KSC

Factory

AS IS

0

RID.UIRED

1 '

1

J

TOTAL REQUIRED 5 TOTAL COST $ ,, ,k_5,0OO .J

E- 44
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_JRFIgUMA'A'IOROPTION

OSE DESCRI?TIO_ SHEET

125
N/LNE: CRYO. PROPELL/d_ LOADING COMPLEX EQUIRIF_T NO.

n m • .......
, imm ,

FUNCTIONAL RECUIR_NT(S) :

Provide for transfer and control of LO_ and_LH, from fa@llity to vehicle
_ _.: i • - n

umbillcal.
• H . .... . .

t i . • w i , i l ,, - • • ira, i

EQUIPMENT DESCRIPTION:

LH2 and LO2 loading complex utilizing hardware from Sacramento Test Center
i i |i i i i , ' ....

and KSC where possible. (Control valves, umbillcals, etc. ) (Utilize Shuttle
n n i ,, , i i i --

topping system. ) S_e -" DSV-SB-331 and -332.
n ,,n l i t i t n i

COG

E_UIPMENT CATEGORY:

$ 50,ooo (D=TCm AND D_P_)

$ Z0,000 _ (RECURRI_OITJNIT)

_ST YF$3 REDID
ii

EQUI_4Eb_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

2.5.3

MODIFIED X AS IS

_ Fu'MBER AVAILABLE

X GIVE facilities at ETR

LOCATION

R_UIRED

2
• i

tt

, , ,,n, ,

| n

TOTAL REQUIRED

n

3
it ,i

TO_AL cost $ I00,000

22



CORFIGURATIOR OPTION

GSE DESCRIPTION SHEET

NAME." CRYO: .T_A_TKTRUCKS EqUIPMFRT NO. 125

FUNCTIONM, REO.UIREMEHT(S):

R_emoval of reetdual cryogenic pro ._?llants _uring _olt laun.eh sariS.
i i u i

b
t

_IPMENT DESCRIPTION:

_ C't'$oge_l.c tanker trucks.
I GFE at facility.

_ _ t I t i

i t ml t , ,- ,,, I i L i

i || _ | i ,

$
t , •

, i i± i , t |,

EqCIPMI_T CAT_,,ORT:

NEW

IST TEAR _'D

MODIFIED

NRB_R AVAILABLE

ASIS X
llu i

IV'W _ T 1_tJm1'_','Wq_.._,,. LTILZZATION:

FLOW BLOCK

HUMBER

3.1.1
in tin tt

. KRf_
j lil

• _
I

1

-2.
t i

i

TOTAL .REQUIRED ,

iI I • li

,. | I

2
In I JR

I I a I

TOTAL COST $ ; -0-
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CONFIGURATION OPTION

OSE DE_.z L_TI(,,,SHE_

NAME: DATA MANAGEMEi;T SYSTEM T/S (DMST/S) E_UI ;_.IDITNO. 127

FUNCTIONAL RE_UIR_I_ (S) :

Controls operation of DMS computer and monitors computer status, initials program

loading and verification, performs fUnctional verification of DMS command and
,-- , , , ,,

control functions, interface with other T/S for dedicated displays, verify

elected subsystem parameters as program.

E_UIPH_T DESCRIPTION:

Portable console interfacing with computer for program verification and DMS memory

dmn_) C/O, paper tape memory loader, tape reader, DMS computer control and status

jpanel, dedicated display panel for DMS function and programmable display for other

• subsystem functions (GNC, Co---, Power, and Prop. ) - CRT

COST PI_ UNIT: $ 1,033,000 (NO:_-RECURRING)

$ h12,000 (RECUI',RING/YEJ_Z )

_EOL'I_4_ CATEGORY:

NEW X MODIFIED AS IS

IST YEAR REQ'D _ _/_[B_ AVAILABLE

EQUII_EI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

RF_UIRED

1.1._, 1_.1_.7 ALL TPF/KBC

1.1.8 ALL, 1.1.9 ALL MCF/KSC

2.3.9, 2._.3 Launch Pad/KSC

PPF/WTR

1

I

2

1

1

1Factory

TOTAL REQUIRED 7 TOTAL COST $ ..3,917,000



GSE DESCEi:_TION SHE._

NAME: TELEMETRY GROUND STATION EO.UII%4_:T NO. 128

FUNCTIONAL ,WEW.UIRFA._I_(S) :

Receives and demodulates PCM data from Tug down llnk either open or closed loop.

Provides for output to computer storage or conversion of data to external display

units.

P
EQUIE4ENT DESCRIPTION :

See attachment.

COST PER UNIT: $ -0-

--0--

EQUIPI.'EI;T CATEGORY :

ND;

IST YEAR REQ' D

EQUIPMEI_ UTILIZATION:

.FUNCTIONAL

FLOW BLOCK

NUMBER

2,3.9

2- .3

MODIFIED

(RECUP, R ING / Yf_!,_ )

NUMBk_ AVAILABLE

AS IS X

LOCATIO._; NI_4BER

REQUIRED REQUIRED

KSC (remote from

launch wad ) _ 1

WTR (remote from

.,,.launchpad ) _ I'

TOTAL REQUIE[:D 2 TOTAL COST _. -0-

l-10



The Western Test Ra_e has a 30 foot Unified S-Band (USB) r_note tracking site

which is part of the spe_efltght Tracking and Data Network (STDN). The "unified"

concept of the USB system provides _ttple functions -- co_nand, telemetry,

traektnK and two-v_y voice communications -- to be accomplished stn_Lltaneously

betveen 2090 and 2120 MHz and a dmmltnk frequency betveen 2200 and 2300 MHz.

P
The Eastern Test Rt_e has a dual AYSCF remote tracking station (RTS) located at

Vsz_LenberE C_ifornia capable of operattn8 Ylth tvo satellites st_nultaneously.

The l_S contains S-band equipment d_iEnate_ as a Space Ground Link Subsystem

(SGLS) Installation. The SGLS equipnent is standardized and interfaces _rlth

tvo antennas, one is a 60 foot antenna vhile the other is a _6 foot dish.

The SGL8 contains receivtnK: and transmitting equt_ent necessary for data

re@e1_ion and comnsnding of space vehicles.





• CONWIGURATI0_ OPTION

GSE DESCRIPTION $HE_T_

I_VZE: DIGITAL _S RECORDER Eq.UIR.f_4TNO. 129
i i |. | . i i _ .- , t i . :

FUNCTIONAl. REO.UIREMENT(S ):

¢_no_t,ai,=,t,,t_tu,.(o.n/o,_O,d,=...,.,_.._o_°,a,_t,__,,t prov*o,.,.l_-

.ree_-rd_ed information,. Prints or t_l_ " punches output results for permanent record.

p ii ll.i i .it i ..... i i i

.... i ii . H . i i i i i

EqUIFMENT D_CRIPTION:

S_ilar to DSV-_B-289

COST PER UNIT:

i i t i,m , t

$6. 200,000

$ 182 ,_00

EQUIR_,EI,_ CATEGORY:

NEW

IST YEAR REQ'D

EQUIM._EI_T UTILTZATION:

I_IICTIO_;AL

FLO_'IBLOCK

_._.3

MODIFIED

, i

i

N_BER /¢¢AIIABLE

AS IS

LOCATION

RF_UIRED

ssc (T_,)

._zm(_')
|

1
u _ t

"i

1 GFE
,,| _ --

TOTAL REQUIRED

n

n

°

2

n _ "'" ' |

TOTAL COST $ 382,000
n • n

r

f--f'3
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CONFIGURATION Ol:_IO_I

GSE DESCI_IPTIO+';$H.P._

NAME: ENGINE ACTUATOR FIX_'URE
• ,a,i | ,

_.uz_n_ _zo. , 13o

FU_CTIONAI, RE_.UIRn._h'r(S):

Chee,kout el.ctrtc_/mechsnic_ ._t_t0rs.o.,__.

, ,, , J _ , ,

A
, • i , ,I, , m, i , " •

f

EQUIPMENT DESCRIPTION:

a, i . .

, , • ,, , . • ,, ,1, ,

.|

CO_Tr FER UNIT: $. 10,000 , • (_ON-RE_JRRIHG)

$ h,oo.o . (,_:cun_INo/Y_)

E-_q_._._Eq_CATEGORY:

N_,! MODIFIED_ AS IS

1ST TEAR RE_'D l_u_mER AVAILABLE
l i l i | •

_._II_,IE_ UTILIZATION:

I_NCTIOt|AL

FLOW BLOCK

RIn,_ER

1.1.9.2 r_/Ksc 1
L

/ Factory
,m , -- • m,

i:

i

,m m

TOTAL REQUI_T;D 3

• , m I

•O_A_co_T $ z2,ooo

I



/
I

/

Engine Alignment Kit

115



GSE DESCRIPTION SHE_

CONFIGURATION OPTI0:;

N_4E: ENGINE ALIGNMEBT KIT _D.UII%f_:TNO. 131

FI_CTIO._L_L REC.UIRFIfENT(S ) :

Establishes centerline of engine with respect to stage centerline.

_.

E_UIPM_T DESCRIPTION:

•Similar to DSY-_B-32_
ill i|i ,

COST $ 25.000

$ 15:_qoo

EqUII_4ENT CATEGORY:

NEW X
i

_T YEAR REQ'D

EQUIPMEI_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

• , , , , , "u , , , w

(DESIGN AND DEVELOPMenT)

(_eCUeRZWnf_ZT)

MODIFIED,. 15% AS IS 85%

_ NUM_I_ AVAILABLE

LOCATION NUMBER

RF_.UIRED REQUIRED

_l_Sc ].
| J

l=_/'a'i'e _l
i ,, . , ,

|n

TOTAL REQU!RED
2

,, J,

TOTAL COST $ SS.O00 .



#
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_ CONFIGURATION OPTIO,_r

G$E DESCRIPTION SHEET

NAME: ENGINE HANDLING KIT
i i i • ml ., i,

FU_CTIONAIo REQ.UIR_._Z_(S ):

, E_.UI_T4F_T }ZO. 132
u |

la_4n, onto s_.
, I ,, L , ,, ,

EQUIPMENT DESCRIPTIO}T:

Kandlin_ _luK. erame., end sh_DDln_ conte/ner. (GIVE furnishe d vlth engine. ) ,

] , ,, ,,,m , , ,

COST ,,_. -o- , (DSSZGN_ DZVSme_)

.-o- (_INGlUaZT)
i

EQUIR4E_:T CATEGORY:

N_ MODIFI_
ill a| i

IST TEAR REq'D
e

EQU IP_._/_TUTILIZATIOI_:

I_O_CTIO);AL -.-
FLOW DLOCK

NI,_4_ER

TOTAL RE_UIRF:D

lq',,%__ AVAIIABLE

AS IS X _FE w_th entwine

LOCATIO._ N_._BER

REQUIRED REQUIRED

T_F/KSC

Factory

• t

3.

1

.1
l|

1

• m

TOTAL COST $

i

"-0-
i
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CONFIGURATION OPTIO,_Z
n

0SE DE,_CE._PT!C,_SHEET

ILl,E: ENGD_E POSITION CALIBRATION FIXZURE
Jl ........

EQ.UIR4EHT HO. 133

FUIICTIO_IAL REC:UIR_._IfT(S ):

Measures engine geometric vector with respect to theoreettcal stage centerltne
im i • ,

for vurtous positions of the engine.
-- i ' ill J

EQUIPMENT DESCRIPTIO}I:

Similar to DSV-_B-629 and DSV-_B-699
l i:

i • ii

u|

t it

COST

EQUIRP,E_:T CATEGORY:

NEW X,,

/ST YEAR REQ'D

i i ii

$ ..... _,oo0,

2.ooo

EQUII_4Et_T UTILZZATIOih

FUNCTIODAL

FLOW BLOCK

Ifl.q._BER

i i , ii t i

(D_I_ Aa'DDI_rZLOPMEaT)

MODIFIED
ill i

NUF_ER AVAILABLE

ASI8

me_/KsC
In II

Fe_/_a

Factor7

N_BER

REQUIRED

1
Jl t

.1
i i

1

TOTAL REQUZR_._.

L i it

2

i _ , t"

" TOTAL COST $ 8_000



GSE DESCRIPTION SHEET

CONFiGURATIOR OPTION

NANE: EQUIPMENT VAN EOUIR4F_IT NO. I_.

FUNCTIONAL REO UIRE_ENT(S ) :

_To provide for miscellaneous transport .....

EQUIPMENT DESCRIPTION:

_i-112 ton two axle van (Bo,,.bTai, .1}.. truck. GFE available _t fs_llltY.. ...........

CO_r $ (IESIGN AND DEV_=LOPMENT)

(e._CtmaZaG/UNZ'T}

EqUII_Er_ CATEGORY:

kNEW _D_I_ ASIS X GFE
J

]ST YEAR RE_'D

EQUIPMENT UTILIZATION:

n,ec ,zoz¢ 
FLOW BLOCK

_ _ AVAILABLE

LOCATION

REC_UIRED

• KSC .

/ z.z._5 2

,, ,i

TOTAL REQUIRED TOTAL COST $ -0-

31



OSE DESCRIPTION SHEET

CONF2GURATIOR OPTION
, L_

NAqE: GAS SAMPLINO EQUIPMENT
| m _ i i i, ,, i ii

mUIR4_IT NO. 139

FURCTION^T. RE0.UIRI_FEHT(S ):

Verif_ acceptable moisture content of propellant systems prior to loading.
, --, - i i ,, .... i | i i ,

Tertf_ safe levels of hazardous gas concentrations.
i i ,i , . , i i

• i i | i i i., i i, i . i i

m • i ' |1
|, ,, , ,

v

EQUIPMENT DESCRIPTION:

Moisture monitor, hazardous gas detectors and analyzers.
* " " i i i i i i im i I i i| I

C0_T

,, , , =,,= , , ,

$.. 0 ......

,..

EQUIPME!._ CAT_OR¥:

NEW

IST TEAR R_'D

R_J__ UTILIZATION:

FUNCTIONAL
PLOW BLOCK

FUMBER

3.1.1

v

(DmZOSAzrD

( RECURRIII'G/UN'rT )

MODIFIED

NUMBER AVAILABLE

ASIS .X

LOCATION

R_UIRED

•S,afin 1
i,

Storable Prop/KSC 2

Portable/KSC
| i ii

Safing Area/WTR
i i ill • i

1 /

ml , |1

Storable Prop/WTR 1
i lira |

Portable/WTR
i j ii

1
i m J

6
I

_T_ COST $ ' 900
m i ',n, I

36
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CO_'TGURA.TIOH Op'l,I 0,_' All
w,.mpmllmh_._.

OSE DE,_CRIPTION SHEET

_D.UIR4F_T NO. laO

FUHCTIONAT, R_,.UZRF_O_,Fr(S ):

Provide me6ns to hoist and/or rotate Tug from elther a horizontal or vertical
.... i ,i i i . i, ,. - -- i i i i

&tt£tude w£th either one or t_ cranes as required.
, _- ................. ,i,, ,i IL I I | _ I I I J IJ , I

t
ii illn , i • ,ml _ - i J p i | ii i

_qJlPMENT DESCRIPTION:

Two wire slim and spreader, bar,, assemblies _w£th.appro_priate s,h_ekle,,fttttn_s.

One assembly.,to be .adjustable in,.lez_th. .. ..

CO_T $ 25.O00

$ 5,Q¢0

(DESIGN AND D_PMERT)

EQUIPME_,_ CATEGORT:

NEW X
el i i HI II

IST TEAR REQ'D ......

MODIFIED

._._ AVAILABLE

]_JZR_Z_ U-_iLiZATION:

FUNCTIONAL
FLOW BLOCK

NUMBER

2.1.3

., 2.2.1.2
il l

2.2.3
i | -

2.3.6
.... • r i

2.k.5, 2.k.8
i i

c ....

 cT/mc

2
ii i

1

1

/

2

1

11.
_ L ill

TOTAL REQUIRED 8

37
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CO_!G_ATIOH oPrIOH

NA.qE: GUIDANCE AND NAVIGATION TEST SET EQUIR4FRT NO. I_2
i l i , -- - |i i ii i

FUnCTIOr_AL REC.UIR_E.T_(S ):

Monitors and verifies checkout of IMU and GC. It provides calibration,

alignment and, simulation of navigation programs., Capable., of simulatlons,... of

all flight pro_rems.
ii i i i ,, i ,i • i L i ii|l ,

_, , ,, i i _ • i i i i i ii ii | i

EQUIPMENT DESCRIPTIO_:

Rate table and associated electronic bays which include display panel, control
i H " t

panel, oscilloscope, universal counter, digital voltmeter, interface (DIU) ass¥,

power supplies, .digital printer paper tape punch, test point control paneli down-
| i i i

llnk display panel, etc. (ATailable from Delta Progr_.: )
• ,, , • i ,i lJ i im l i i | •

COST PER USlT: $ _

. $ -0,

(NOI_-RE_RRING)

(RECURR ING/¥EAR )

_L'OUTI_._.'T CATEGORY:

NEW MODIFIED
m

ASIS X _FE

]ST YEAR REQ' D I_UI_ER AVAILABLE

EqUIE._I_ UTILIZATION:

FUNCTIOI_AL
FLOW BLOCK
H_.fBER

i.I.13
i i •

LOCATIOD

RE_.UIRED

_TR
| i

Factory
i

Nt_BER

REQUIRED

1 /
i

/
1/"

i

1

TOTAL RE_UIR_

,,if

i i

3

m i i

TOTAL COST $

i •

-0-
!



CONFIGURATION 0PTIOM

GSE DESCI:._.PTIONSHE_

NAME: GUIDANCE AND NAVIGATION SYSTEM CHECKOUT KIT EO.UII%fEMT NO.

FL_OTIO:IAL RE._.UIRD_I_r(S):

Interfaces between Tug D4U and OC "and the laboratory teat equipment. A_so

provides mounting of IMU to rate table.

E_PMENT DESCRIPTI_;:

Consists of IMU holdin_ fixture and cables.
_ i , ,, • ,| ,., . , , -

(Available from Delta Program. )

7

j

COST PER UNIT: $ -0-

_ • 7_'

EQUIR4EI:T CATEGORY:

1ST YEAR REQ' D

FA_UIP;.IEI_TUTILIZATION:

FUNCTIONAL

FLoW BLOCK

NUI.f_ER

1.1.13
, ,= ,. ,

(NON-RECURRING)

(RECURR ING/_ FU,2)

MODIFIED_____

_ NUI_kl_ AVAIIABLE

AS IS X GFE

LOCATION

REO.UIRED

NUI_fBER

REQUIRED

•ESC

Factory

1

1"
i L,. .....

1

-- , i _ j __

TOTAL RE'_UII_ED 3
,, t __ -- i ,

TOTAL COST $
_J

i
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OSE DESCRI:'_2IO}:SHEET

CONFIGURATION OPTION

NAME: LAUNCH CO_ DOWN CONSOLE EqUI R4F_IT NO. 145

FUNCTIONAL RE_UIR_,_..RT(S ):

Controls and monitors launch checkout and count down of Tug vehicle.

,,,

r

EQUIPMENT DESCRIPTION:

Console with int_com and count down clock, status indicatDrs, alpha
.... _ , ,, ,

m_eFical display and associated circuitry.
t it lii, i

im I ,, , i =, , ,

COST $
ii

$

EQUIP_,q2,"rCATEGORY :

NEW . _ I

_T TEAR REQ'D

E_JIPMEB'T UTILIZATION.'

FUNCTIONAL

FLOW BLOCK

NUMBER

2._.3

2._._

30,000

2_0_,000 ,

(DESIGN AND DEVELOPMENT)

(_cumumGl_n)

MODIFIED

_ RUMB_ AVAILABLE

'AS IS .X_GFE at ETfl

LOCATION

RI_UIRED

KSC

WTR

2
i i i J i

1
m i i i i

i

TOTAL REQUIR_m

L

TOTAL COST $ so.otto
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CONFIGURATIOR OPTION

GSE DESCRIPTION SHEET

NAME: LH2-He HEAT EXCHANGER _D.UIr_4F_IT}_0. 147
, , J ii i

FU_ICTIONAL REOUIRF_NT(S) :

Provide preahilling of helium used for APS tank pressurization or main

propellant tank pressurization
|1 ,i ,, ,

i i , , i

#
t i i ,, ,,, , i, H ,i -- , ,

E_JIR4ENT DESCRIPTION:

•_ L_-He heat exchanger utilizing hardware from Sacramento Test Center and
i ,

KSC where possible,

CO,_T

EQUIPMENT CATEGORY:

$ 0

$ 20,000

(DESIGN AND DEVELOPMENT)

(RECURRING/UNIT)

NEW MODIFIED X AS IS
ii |

IST YEAR REQ'D .... _ NUMBER AVAILABLE

EQUIR4E)_ UTILTZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

i.1.8.2

'1.1.9.7

LOCATION

REQUIRED

KSC

WTR

2

1

_Jl

TOTAL REQUIRED s TOTAL COST $ .60,000
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CONFIGURATIOR OPTION

GSE DESCRIPTION SHEET

NAME: SIGNAL CONDITIONING UNIT _DUIR4E_|T NO. 148
I

FUNCTIONAT, RECUIRF_EET(S ):

Interfaces between Tug vehicle and GSE for sign a! and power conditioning, and

distribution

_UIPMENT DESCRIPTION:

Consists of a 3bay console which contains Junction box, (i) 1032 point patch Dane/

assembly, (I0) isolation amplifiers, (i) _ row relay-plane, (i0) buffer amplifiers,

(I) logic power supply, and (20) connectors and associated wiring. (Similar to

D6V-kB-133) •

COD.,T S j 3001000

$ 129,0o0

EQUIPMENT CATEGORY:

NEW x
i

IST YEAR REQ'D

EqUIF*MEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK
Nb_JBER

1.1.5

1.1.7 ALL

/ 1.1.8 ALL

2.3.9

2.4.3
-- , , ,n

TOTAL REQUIR_

(DESIGN AND DEVELOPMENT)

(RECURRING/UNIT)

MODIFIED

NUMBER AVAILABLE

ASIS

LOCATION

R_trlRED

TPF/KSC
,i, i

1
J

MCF/_C ,. , -i
...... |

_F/VT_
i

1

MCF/WTR 1

2Launch Pad/KSC
i m

J ,Factory , , 1 ,

7 T_AL COST $ ...1,1hO ,000

'/

J
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CONFIGURATIOR OPTION

GSE DESCRI._IIO_ SHEET

lqJtqE: ORBITER SI,kg3LATOR E_UIR4F_T NO. 149

FUNCTIONAL RECUIR_E_T(S):

Functionally simulates orbiter/Tug interfaces for verification of electrical

parameters

EQUIPMENT DESCRII_FION:

Portable test set containing encoder, decoder and load test circuits.

Contains switches andindicator lights

CO_T $ hO0,O00

$ i00,000

EQUII_,;F2_ CATEGORY:

NEW

].ST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

1.1.7.9
i i

1.i.8.9

1.1.9.9

(DES IGN AND DEVELOPMENT)

MODIFIED

NUMBER AVAIIABLE

LOCATION

REQUIRED

TPF/ SC
i

i

AS IS

Factor_ __

R]_UIRED

1
i

1-
ii i

1

TOTAL REQUIRED 2 TOTAL COST $ , 700,000
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CONFIGURATIOn: OPTION

GSE DESCRIPTION SHEET

NAME: PAYLOAD ADAPTER HANDLING KIT EQ.UIE.I_.W:TI_O. 150

FUNCTIONAL REQUI R_._NT (S) :

Provides protection and means of handling payload interface unit.

EQUIr_.ENT DESCR IPTI ON:

•Simil_r to DSV-hB-352

COST $ I0,000 (DESIGN AND DEVELOPMENT)

$ 5,000 , (_CURRING/UNIT)

EQUIPMENT CATEGORY:

NEW x

IST YEAR REQ' D

MODIFIED

NUMBER AVAIIABLE

AS IS

EQUIP;4EI_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED

NIN4BER

REQUIRED

2;2.3 _F/KSC

_F/KSC

FPF/W_

1

..1

1

TOTAL REQUIRED 3 T(YfAL COST $ 2.5,000



CO_IOUl:t_lOa OI:_ION

08E DL_CRIPTIO,_ SHEET

_: . P_SO_a;EL PROTECTIOr; EQUIR_E_T
ii - , m

mUIR4FRT NO. 152

Provide enviro.,_entsl protection for storable AP8 loadt_ trey.
i i m . i r _ i _ it i " i i i i i

i i i i ill I i i i i i i ii ii , u

ii i i i ii • i ii i I i i i i i

r I n n n n n I

EQUIPMENT DESCRIFTION:

PToteetive clothingt breathing devices, and f$re equilment.
-- m a| ii i I i lia ill I i i

£f required.
n i i it in • i i i i

SCAPE suits,
i i

_ I I I i ] I I I I i iiim ii.i I

-- - _ I i _ I _] ill ii i i i i , JI

COrn' $. ,. 0

t _ooo
i

(neszoa ,Am)D_r_)

;(sscu;_n;(;/va_)

iL__,

18T YEkq RZq'D •

_I_U.,TPur_ST L_ILIZATION:

IqJNC"I_ORAL
FLOW BLOCE

FUMBER

MODIFIED
I J am

lrdMB_ AVA,.TLABLE

IX)CATION

R_UZRED

I in n • !

REQUZRED

2.1.7
iron I

I

K60

nil I

,i fn

I

TOTAL REQUIRED

m

I I I

I II I

8 _)T).LCOST $

u ni

| m

3_.oo0 , ,



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAME: _(_XIM4tTIC CONSOLE ACPS PORTABLE TEST SET EOUIR4F_T NO. 153

FUNCTIONAL ,_EOUIRF_ENT(S ):

,Manuslly checks electrical continuity of solenoid valves t.alkback and actuation

o__fsolenoid valves, pressure switches, and transducers.

t

EQUIPMENT DESCRIPTION:

Slmil_. to DSV-hB-286 and 286A
l

co T $

EQUIPME_ CATEGORY:

NEW ,_ .

IST TEAR REQ' D

EQUIPMENT UTILIZATION:

FLOW BLOCK

NUMBER

2.1.7

, , • ,, ,,u

76,000

?

(DESIGN AND DEVELOPMENT)

(REC_%RINGIUNIT)

MODIFIED

NUMBER AVAILABLE

ASIS

LOCATION

R_UIRED

KSC STORABLE

WTR STORABLE

FACTORY

N_BER

REQUIRED

1
i i

.1

1
|l |

TOTAL REQUIRYID

,,, , ,

T_fAL COST $ 16Q,000 k_1
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COnfIGURATION OPTION

GSE DESC.RI_:TIO:]_}.EE_

NAME: POWER SYSTEM T/S (PSTS) EQUI_.I_,'T NO. 155

FUNCTIONAl, RE_UIRE!._I_(S) :

Provide means to load fuel cells and vehicle power distribution system. Provide

gr@amd power sources for vehicle and GSE. Provide emergency power in event

facility power malfunction.

#

_UIP/ENT DESCRIPTION :

Two bay rack of electrical equilmnent containing two independent programmable power

supplies for vehicle power, one programmable power supply for GSE power, and

pr_rlmmable loads for vehicle power system C/O, a backup battery unit is provided

for emergency power.

COST PER UNIT: $ 13h,000

$ 'h8,000

EQUIPMENT CATEGORY :

(FON-REu_IRRIHG)

(REC[H;RINC/YE:_ )

N_.! X MODIFIED AS IS

IST YEAR REQ'D

EQUII_4EI_ UTILIZATION:

FUNCTIONAL
FLOW BLOCK

N_4BER

NU_ER AVAIIABLE

LOCATION

RE0.UIRED

/

I.',.5,1.1.7 ALL., T F/KSC
• , m J , ,,

i.i.8 ALL i.I.9 ALL MOF/KSC

2.3.9, 2.h.2 PPF/WTR

2. h. 3 MCF/WTR

Launch Pad/ETR

Factory

TOTAL REQUIRED . 7 TOTAL COST $

IH_4BER

REQUIRED

1

1

1

2

1

47o,ooo
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CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAqE: PRI;_iT_DCIRCUIT CARD COMPONENT TEST SET E_.UIR4F_IT 770. 157

FUNCTIONAL REQUIRF_NT(S ):

Tests printed circuit cards and isolates difficulties to component level.

being tes_ed.

EQUIPMENT DESCRIPTION:

._ Similar to DSV-hB-IO4

Provides voltages, input stimuli,..and loads. Monitors outputs of cards

¢O_T

E_UIPMENT CATEGORY:

NEW

IST YEAR REC_'D
i

E_JIPME_ UTILIZATION:

FUNCTIONAL

TLOW BLOCK

IrOMBER

3,9.,200

- 53,00o

(DESIGN AND DEVELOPMENT)

(RECURRIi_G/UN IT )

MODIFIED 20%

NUMB_ AVAILABLE

AS IS ao_

LOCATION

REQUIRED

ND_IBER

REQUIRED

Factory 1
i

|1 ,

TOTAL REQUIRED 1 TOTAL COST $ 92,000.



#,

FROP_,LAI_* U_ILIZATIOIZ _,OMI:_I_Z_T TEST SET



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

RJtME: PROPELL_ UTILIZATI0"{ COMPONENT TEST SET EqUIR4F_T NO. 159

FUNCTIONAl. RECUIR_NT(S):

._ Tests and calibrates P.U, electronics assembly adSustments.

/

_UIPMENT DESCRIPTION:

Similar to DSV-_B-II2

, , , J

COST $ 127_600

$_ 56.000

EqUII_4ENT CATEGORY :

NEW X WTR

IST YEAR REQ'D

E_UIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

HUMBER

1.1.8.9

'1.1.9.9

(DESIGN AND DEVELOPMENT)

(RECU_R_G/UnT)

MODIFIED 20% AS IS

_ NUMBER AVAILABLE

80_ _R

LOCATION

REQUIRED

_'/_c

eeY/_'_
,l| i i

Factory

NUMBER

REQUIRED

1
l

.I
......... i

1

TOTAL REQUIRED TOTAL COST $ _295.600



GSE DE_:RIPTION SHEET

CONFIOURATIOI' OPTIO)_

ILA_qE: PROPULSION CO)_0JEHT REPAIR KIT.
i i i i i J n m ,. .. , . .

E_.UII_.4F_TII0. 160 ....

_CTION^T. R_...UIRD_._T(S):

Plrovides equipment necessary tot- disassembly, repair, re-_ssembly, and test

of propulsion components.

_ • • nl i m nl n nn . im mum i in n n i L

m4_ m __ n i • n In mi I mini I

_I_ DESCRITTI. OIV:

._lloot£on of speotal tools, ad&pt;ers_ and other equ:tpnent.
--- i i , ii i , m , II II

C0_T

i i m, , • ,ram • ml

ZG_CIPME_.._CATEGORY:

lST Y]UR ni_°D
iN • i

JQUIR4E_T b'TILI'ZATION ..

F_ _K

F
• .1.1.12

e

ii

n I •

¢.i 2,o ,

¢_  o._oo0

nl

(DZSI_ Am) D_OPXENT)

(_o/uNn')

r

_ mm AVA.TLA_F,

ASI'S

KS¢
JI -- ""

,i

F_to,_

1

1.

- i m m i • • i

i _ m

un m n --

u n

TOTAL COST $ 32,CO0



P

PROPULSION P_iL'JHATICCO',._SOLE
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CONFIGURATIO:_ 0PTI0,_;

GSE DE_'.SIPT_._:_SHK_

RItME: P_,I_'_'I4AT2C SKID CHEC&ODT E_.UIH.fL_T IIO. 161
,, m i ,w i i|

Ft_CTIO:IAL _--.,'.UIP._fEI,T(S):

Provide regulated e as supplies to vehicle for pressurization of pneumatic and

propellant systems. Used fo_ leak and functional checks, purging, pressure

dr s/nine, end a.r_!ication of blanke_ pressures.

EQUIF/,ENT DESCR IPTIOII:

i , i,, , , u

,

l_neun&tic console such ss DSV_BI_I =odifled as required for special Tu_

requirements.

W

,, , ,, , i i ii ,i i i i J , •

$. _5o ,ooo (___+:tm._<zFm/Y_._)

COST PER' UI:2T:

ZlD,P X 'WTR
i i

IST YEAR RE_'D

.m,_v-.t,-p,r.,L+,t UTILIZATIO_I:

_CTIO::AL

FLOW BLOCK

-
I

1.1.8 ALL

1.1.9 ALL

MODIFIED ASIS X ETR
mm

,, F_'_,_I_ AVAILABLE
,i |i i

REQUIRED

TPFIKSC

°

Factory

._/_c

Mcy/w_

u•

I" GFE

i"

IGFE

1 GFE

'1

I

TOTAL RZQUInLD
I I

I

TOTAL COST $ o._@.ooo



t

PROPULSIOI_P:_EUM,_IC CONSOLE
(L_UI_CH)



GSE DESCRIPTIOF SHEET

CONFIGURATIOR 0PTIO_

NAME: F.;EUM_IC SKID LAUNCH
i i

_0.UIPM FRT NO .....162
,, I a,n ii

FUNCTIOWAT.._E_UIR_,_._T(n):

Provide regulated gas supplies to vehicle for pressurization of pneumatic
• , J, , ,, m - • -

emd propellant systems for pad checkout and l_unch.

m, , I • , ' , , m

EQUIPMENT DESCRIPTION:

Pneumatic console such as DSV-_B-M32A modified for special Tug requirements.
, i i, i i || i , i| i i

n i , ,n n i , =, , , , ,, n,n | , , ,, n

CO_T $.. 5_0,000. _ (D_Sl'P._ _ DEVELOPMENT)

hSO,O00 (szcmmZsol ,  )

E_IR4Eb_ CATEGORY:

NEW _ X _R MODIFIED AS IS X GFE ETR
i i,

lST ITAR REQ*D F_B_ AVAILABLE
u

EQUIPMEI_ UTILIZATION:

FUNCTIONAL
LOCATIONFLOW BLOCK

NUMBER REQUIRED

Nt_'R

REQUIRED

Launch Area/KSC 2. G_

Launch Are,a/,_ "i i
l i

n nnnn

TOTAL RF_U_RED

I

3 TOTAL COST $. 500.000

59



P

Jq

PROPELLA/FE OR PNEUMATIC CONTROL CONSOLE

E-gZ



• CO_IGURATI0:; OPTIO,_!

IIA_._E:PROFELL_T OR I_JEI_,.t_TICCO_TFROL C0,_SOLE
i ,,ill i L

EQ.UIF,.I_'TIZO. 163

FUDCTIO_;AL RE=.UIR_TE_(S ):

Oontrols and pneumatic regulated gas supplies for vehicle pressurization of

pne_m&tics and propellan_ systems. Used for checkout, purge, and pressure checks
i

end loading of pneumatics into Tug vehicle. Y_nStors propellant loadfnq and un-
i

1oad£nE. Capable of semi-automatic or manual loadlnK of propellants.

r i i |i i, , i ii i

EQUIR.IE_"r DESCRIPTIOn:

Three bey console with _ntercom, light and indicators, s_Itches, and alpha
• ,, • ,i

"m_erical display, and associated Circuitry. (Similar to DSV-_B-233. )
,al

ii ml ml • ii .

COST FER U_IT: $ 339.000 ( NOr_RECLIRR I_ 0)

$ 3_,000 (RECURRIr;G/YEA_)

E_IR_EI_ CATEGORY:

NEW X WTR MODIFIED

IST TEAR REq'D

EQUIP;._ UTILIZATIOZ;:

FUIICTIO_;AL "
FLOW BLOCK

NIJ._ER

I_%_BI_ AVAIIABLE

LOCATIO.';

RE0.UIRED

ASIS X ETR

1.1.7.1, -._

;<1.1.7.6 - 9
I

'1.1.8 ALL

1.1.9 ALL
i e

2.&.2
I I

,°

TPF/KSC

launch Pad/I,_C

i

. Factory.,

MCF/WTR
, i em

1" GFE

• 2 GFE

1

1GFE

I
i

,, _][

TOTAL REQUIRED . TOTAL COST $ .i.007.0_0
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GSE DESCRIPTION SHE_

CO_2GURATIOH OPTION

UAME: BATTERY CHECKOUT KIT EQ.UIR4EW'T]I0. 16_

FUNCTIONAL REC.UIRE_._L'T(S):

Provide equil_nent required to checkout primary and/or rechargeable batteries.
n un , .

Battery activation, cell/battery voltage and current checks vith/without load

(or during charglng).

_emper'ture. ' '

Provide heater power measure, heater current, and battery

EQUIPMENT DESCRIPTION:

Composed of work platform; two electronic equipment racks, test cables, and test
n

connectors. Electronic racks consist of power supply, battery charger, fans,
.... n

load bank digital voltmeters line printer and sequencer for automatic operation
- • n n .• j ,m

(similar to DSV-_B-171).
-- - n . ........

COST PER UNIT: $ 50,000

$ -O-

EQUIR,_EI,_ CATEGORY:

MODIFIED X AS IS X GFE

IST YEAR REQ' D _ _NU__.__-__AVAT___ABLE

EQUIPMEbT" UTILIZATION:

I'UNCTIO_AL

FLOW BLOCK

N_4BER

LOCATION

REQUIRED

I|T_,(BER

RI_UIRED

i.i.13
_nn ,, ,,- u

KSC ( PF) . 1

, _L J • i,

, an "--

TOTAL REQUIRFD
i

2

m

TOTAL C0ST $ 50,000

,



p

SPACECRAFT SII,K;LATOR

,.j



GSE DESCRIPTIO_: SHEET

CONFIGURATIOR OPTION

H_ME: SPACECRAFT SIMULATOR
i

EQUI;_4nZTNO. 168

FUNCTIO_AL RE_UIR_4E_"r(S ):

F_nc%tonally simulates Tug/Spacecraft interface for verification of

electrical parameters.

#

EQUIPMENT DESCRIIYFI 0N:

Portable tester containing encoder, decoder and load test circuits.
.... i i , I ' , J II i il i i

'v"

COST $ 15o,ooo

, o.ooo

NEW x

_T TEAR REQ'D
|J

EQUI_'T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.7.9
i

1.1.8.9

1.1.9.9

(o_.sz_ _m D_-VZ_Pr._r )

(_c,,m.ezao/_:_)

MODIFIED

_ NUMBER AVAII_BLE

°

ASIS

LOCATION

RE_UIRED

NUMBER

REQUIRED

. .TpF/KSC

PPY/WrR ,

Factory
i i le i

I
i

1

ii

mum * •

TOTAL REQUIRED 3

, n •

TOTAL COST $ 300,000

63
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CONFIGURATIOB OPTI 0,_!

GSE DESCRIPTION SHEET

NAME: SPACE TUG S_TOR B_UIR4E_!T TTO. 169
. : i |

FUNCTIONAL REC.UIRF_4_.NT(S):

Functionally simulates Tug electrical parameters for verification of GSE, payloads
J i i i _

and Shuttle interfaces.
J i i n, N , | ,, , , •

EQUIPMENT DESCRIPTION:

L ,m , , , m ,I

3 ,Bey console interfacSn_ with com_uter ¢¢mDlex containin_ logic cards, encoder,

decoder, eu_d load felt _ test point amsemhlv_ indic&for panels, logic Dower suPPly,

_ath _anel (s4m41sr to D_V-hR-IR2) .....

CO._T

E .'!PM_:T CATEGORY:

NEW x
• i

IST TEAR REQ' D

(DESIGN AND DEVELOPM_T)

MODIFIED 3_._.0% AS IS_ 70_' ._

_ NUMB_ AVAILABLE

EQUIPME_ UTILIZATION:

FUNCTIONAL LOCATION NUMBER

FLOW BLOCK REQUIRED REQUIRED
NUMBER

i.i.7.9 TPF/ESC 1
i tt , m ' '

'I.i.8.9

1.1,9.9

imm,, i , i

1

i|

1
t i

TOTAL REQUIRED

|

3 T(Y_AL COST $ 7oo,9oo





GSE DESCRIPTION SHEET

CONFIGURATIOn OPTIO_

WAME: STAGE TRANSPORT PREPARATION GN__ I_RG.E_UNIT _D.UIR4F_T NO. 172

FUNCTIO_IAT, REO.UIR}_(S ):

,.Pu_,,.gespropellant system to an acceptable level for ground air transport, maintains
ii ,|

proper nitrogen pressure at a level acceptable for. stage puree and dry operation,

provides the required valve actuation, to. protect, the._ .stage.. from adverse internal

es sure,s•
ill i i

EQUIPMENT DESCRIPTION:

Utilize DSV-I_B-186_
-- • i i a i

, ! t i i

, , i i ii i i

t •

co_r $

EW | | i|

]ST TEAR REQ'D

EqUIPMEbT U?T_L!ZATXON:

FLOW BLOCK

N.RBER

i i _ ,,|

-0-

-0-

(DESIGN AND DE'/ELOPMENT)

MODIFIED

HUMB_ AVAILABLE

LOCATION

REQUIRED

KSC
J

,m , i i

t .i

• i t i

TOTAL R_UIR_
1

t I t i t |

TOTAL COST $ .... -0-
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OSE DESCI-IiPTICN SHE_

CONFIGURATION OPTIO_I

U_ME: STAGE WEIGH _m BALANCE KIT EqUI_4_!T NO. 173

FUNCTIONAL RE_.UIR._._(S ):

Determines veight and center of _ravit_ on stage._d tilt table.

., | ... ,

#

EQUIPMENT DESCRIPTION:

Similar to DSV-7-321 includes electronics from DSV-hB-3_5.

• , , ,,

COST $

$

EQUI_R_4EI!TCATEGORY:

NEW
|

IST YEAR REQ'D

EQUIPZ4EI%T UTILTZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.1_

_,oo0

7_,000

(DESIGN ARD DEVELOPMENT)

MODIFIED_ 10%

NUMBER AVAILABLE
|n

AS is 90%

LOCATION

REQ.UIRED

_/msc

m_/WT_

I

.I

im

TOTAL REqUIRY.9
=,

2

,, L |

TOTAL COST $ 155,000 ,



o;._ o
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CONFIGURATION 0PTiON

0SE DESCRIPTION SHEET

NjtI4E: . STAR TRACKER SIMULATOR _D.UIR4F_IT )tO. 174
n ,m , _, unn , J I - I nu in n

FUNCTIONAL RECUIRFJ4ENT(S ) :

Simulates varying star magnitudes and position for optic in_e_rity during
- . ±- " = j j n -

_--und checkout.

ni n n ...- ,L n _m, I , n , I

#
n r _- ..... , n p n I .,.

EQUIPMENT DESCRIPTION:

A por_&ble tester that can be attached to the star tracker
ii l j i ,I i i ill . -- • J. | . i

co.,n' $

, n _ n

60,000 (DESIGN AND DEVELOPME_T)

$_ _R, 000 .... (RECURRING/UNIT)

EQUII_:_,_ CATEGORY:

_EW x

IST YEAR RE_'D .......

EQUIPMEbT UTILIZATION:

FUNCTIONAL

FLOW DLOCK

NUMBER

_.i.13

_ RUMD_ AVAILABLE

ASI8

LOCATION

REQUIRED

T_ /KBC

NC_'BER

REQUIRED

1

-1

i
i,

J

TOTAL R_UXRF_ 3

I

H
Jn . i

'z'o' xz.cos t, z86,o0o



Desiccant Kit, Static



CONFIGURATIOR OPTIO,_

GSE DESCRIPTXON SHEET

NA_qE: STATIC DESICCANT KIT
iii i Wl i

D_.UIR4F_IT NO. 175
ill i |

FURCTIONAL RECUIRF_',,WI_(S):

Provides contamination control of main propellant tanks _hen not pressurized
i J,|. - • i

• i i i ii i ii

P
. ,, |l i m

EQUIPMENT DESCRIPTION:

Breather assemblies vith connecting hoses and clamps.
i • i ,., ii

DSV-_B-365 & DSV-_B-_0 kits
ii | i .... ,

i i | wH| i H •

Similar to
, i ,n i

., i i ,, , lil

CO_T $ i 7000

1o9._o _

EQUI_.'.E,_ CATEGORY:

NEW
s " --

IST TEAR REq'D

_IT_NW I_L'ILIZATION:

FUNCTIONAL

FLOW BLOCK

IKNSER

1.1.23

,l i i

(vESzGs_D D_ELOPMEXT)

(a_CU_I_G/UX_)

MODIFIED x

Fu_BER AVAILABLE

ASIS

LOCATIO_

REQUIRED

KSC
I |

WT_

F&eto_

Nb_BER

REQUIRED

.2

TOTAL REQUIR_)

I i

TOTAL COST $ , • 15.000 ,

69
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CONPIGURATIOR OPTION

GSE DESC_InZO_ SHE_

RJt_E: SUBSYSTEM MONITORII_G CONSOLES mUIR4_:T NO. ]76

FUNCTIONAL REC.UIRF_._NT(_ ):

Monltors subsystem checkout and count down of avionics subsyst_ns and
-- , ,± . ,. .

displays status
.... • , , m, i

i i i • i ill i ,ira i i
r

EQUIPMENT DESCRIPTION:

Console with intercom, ltKht and ind:Lcators, switches, and alpha numerical
i i i . i ,i i • i

display (propulsion, avionics, thermo, pneumatics)
....... , i , i i

i

| .

CO_..T $ ,70,000 ,

$_, 15,ooo

EQUIPMI:_ CATEGORY:

(DESIGN AND DEVELOPMENT)

(_c_Gl_)

NEW ..-x WTR MODIFIED "AS IS X ETR_ GFE

IST _ _tD
tl It

EQUIPr4_I_T UTILIZATION:

l_MBIR AVAILABLE

FUNCTIONAL LOCATION NT._4BER

FLOW BLOCK REQUIRED REQUIRED

2._.3 ... _c 6
I II J L

_,k,,i, . WZ'Z_ 3
it l I I l I H II I l I

• I

TOTAL REQUIRED TOTAL COST $

7O



CONFIGURATION OPTION

GSE DESCRIPTION SHEP_

•_-_ • _ ir_l_ TNAME: .:JVIRO,,,._...TCONDITIONING UNIT
,, EO.UIE4EJ:T NO. !B0

FUNCTIONAL RE_UIR_.I_f(S ):

Supplies conditioned air to trapped atmosphere sections of the Tug

vehicle during manned occupancy in those sections.
-- , , ,m

P

EQUIE4E/NT DESCRIPTION:

Includes blower, controls, and directed ducting for air flow.

COST $ ii0,000 (DESIGN AND DEVELOPMenT)

$ 2_2_O00 (RECURRING/U_IT)

EQUIR4ENT CATEGORY:

NDI MODIFIED 10% As IS_

IST YEAR REQ'D NUMBET_ AVAILABLE

EQUI_]_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_._BER

LOCATION

REQUIRED

NUMBER

REQUIRED

1.1.5 _PF/KSC

PPF/KSC :

PPF/_

Factory

1

1

1

1

TOTAL REQUIRED T_rAL COST $ i.078,000
..j
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COW,FIGURATION OPTIO';

OSE DFSCEiPTICN SHE>_

NAME: TILT TABLE HANDLING KIT EQ.UI}_4_:T NO. 181

FUNCTIO!IAL RE_:UIRI_._I_T(S) :

Provides means of %ransporting and handling stage aft interstage.

_J

_,, , ,

EQUIPMENT DESCRIPTION:

Similar to DSV-hB_.307 ,

COST $ _ 22,000

$ io ,OOO

MODIFIED-

(DESIGN AND DEVELOPMenT)

(RECURRING/UNIT)

AS IS

NUMBE_ AVAILABLE

LOCATION

REQUIRED

EQUIR4Ef_ CATEGORY:

NEW x

]ST YEAR REQ' D

EQUIP;._t_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

I_L_.,IBER

1.1.16

i.i.17

TPF/rSC

_F/WTR

Factory

2

.I

i
L

.j

TOTAL REQUIRED TOTAL COST $ , 62,000

75
_=-_//Z_



NA_: TRACTOR - TRANSPORTER
.... ii

FURCTIO,AL RECUIR_4E.NT(S ):

To pull transporter for Tug/SO

CO_FIGURATIOR OPTI 0,_I

GSE DESCRIPTION SHEET

EQ.UIR4_T NO. 182
i

L

I i i i i |i •

, ,L i ,, i i • , , , ii •

v

EQUIPMENT DESCRIPTION:

Three axle tractor with 8to. 5th wheel -- Ford C-800 or equiv.
l. ,. , | , i i i i i , i i J i • i i

m, . i i i i i1, ,i

+ i i i i i II i i ii

co_ $ o
i| ,

$. .... 0

EQU!I_,'T CATEGORY:

NEW
I

_T TL_R _ID

EQUIPME_ UTILIZATION:

_.CTIO.AL
FLOW BLOCK

N_mER

i.i.2.1

1.1.25
i i

2.1.1_

2._.5
i

2._.8

TOTAL REQUIR_

i,,, i

(DESIGN AND DEVELOPMENT)

(_CU_IIO/U.ZT)

MODIFIED
| i

_ IqUMBXRAVAILABLE

ASI8 X GFE at facility

LOCATION

REQUIRED

NtR3ER

REQUIRED

KSC

"WTR
I

I i

i I

-- im
T_AL COST $ -p:

76
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CONFIGURATION OPTION 03I

DE,.CI.I . SHE>.'TOSE "_ ' PTION

NAME: TransporZer EO.UII_4H!T NO. 183
J m H i -- i i

I_ICTIONA I,._E_,UIR_.EI_ (S):

To give horizontal support and provide mobility to the
i J

enviro_-_,entally protected Tug with a secondary capability for

roll and access.

A

_UIR4ENT DESCRIPTION:

A Saturn SIVB transporter modified to incorPorate Saturn
..... i i , , |,

Workshop running gear and for provision of Tug compatible

cradles.

COST PER UNIT: $,. i0,000

25,000.

l_uz_14_t.r CATEGu,_z :

NEW
20%

MODIFIED
80%

AS ZS_____._.

IST YEAR REQ'D _ NUMB_ AVAILABLE

.........." "' b"rILIZATIONz,W,u £ t'l'_E, li.L

FUNCTIONAL

FLOW BLOCK

N_._ER

LOCATION

REOUIRED

NI_4BER

REQUIRED

1.1.h

1.1.2.1

].1.2.2

1.1.25

KSC

WTR

Factory
i ,,

2
i

1

2.1._
i lli

2.3.1_, 2._.5
-- i

TOTAL REO.UInF:D . _ . . .

j i , ,

TOTAL COST $ l_),O00
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CONFIGURATIOR 0_TION All
. i

GSE DESCRIPTION SHEET

NJtqE: TUG SUPPORT KIT (VERTICAL) E0.UIR4FRT NO. 184
I i in im •

FUNCTIONAL REC.UIRF3_.FF(S):

A welded structural steel stand to match Tug/Shuttle attach points and
i Jm i i

support Tu_ in a vertical _ositton for SC.mattng.

i , , ,i ,s ,

#
'w | i i ii i i i

EQUIPMENT DESCRIPTION:

Welded structural steel tube _h,O00 lbs.
k_ r

|l ,i

if m i

i i • i i ,,|

corer $ lO,OOo.
[

E_JIPMT:I_ CATEGORY:

NEW
I i |

IST _ REq'D

_zr_'_ _ZLZZATiO_.

FUNCTIONAL
FLOW BLOCK

NUMBER

2.2.1.1

2.2.1.2
ii I i

, , im

(DESIGN AND DEVELOPMENT )

MODIFIED

_ RUMBER AVAILABLE

LOCATION

RmUIRED

ESC

Factory
i i m , I

R_UIRED

1
H m i i i

1
,I

1
,

!

TOTAL REQUIRED 3 __ TOTAL COST $ __ 250,000

T8 _ _ / / y
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CO_FIGURATIOR OPTION

OSE DESCRIPTION SHEET

wA_. U_SILIC_ sXST_M .... muI_n'T _o. _s5

FUNCTIONAL REOUIR_NT(S):

Connect test and checkout equipment to vehicle or to orbiter umbilical.
,,, |

used for post flight saflng.

Alsol

v

EQUIPMENT DESCRIPTION:

Orbiter-half disconnects, gr0und-half disconnects

half), and hoses.
i

(if different from orbiter-

TOTAL REQUIRED

(DESIGN AND DEVELOPMENT)

(RECURRING/WIT)

MODIFIED

FOMBER AVAILABLE

ASI8

KSC (Launch pad) 2

gCF/_R
i • ,

9.
i , , ,

1

1
i_ _ J

1
, , ,i

1
J

7., TOTAL COST $ . 750.000

_=-//y
79



CONFIGURATION OPTI0::

DEoCE=, _IO., SHEETGSE .e. -_,_, ,,

NAME: VOICE AND TIMING SYSTEM EO.UIE4_T _0. 189

FUNCTIONAL REC.UIR_._X_ (S) :

Records timing and voice on Wide Band Magnetic Tape Recorder.

t

EQUIP,4ENT DESCRIPTION:

S4-,ila,"to DSV-_B-772

COST $ i0.000

$ 6.000

EQUII_4ENT CATEGORY:

NEW

IST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

Ni"4BER

2._.3

MODIFIED

• (RECURRING�UNIT)

AS IS 100%

_ER AVAIIABLE

LOCATION NI_.IRER

REQUIRED REQUIRED

KSC (BLOCK_¢OUSE)

WTR (BLOCZ:OUSE)

1 GFE at ETR

TOTAL REQUIRED 2 TOTAL COST $ . 16.000

_- /_0
82





GSE DESCRIPTION SHEET

CONF IG_JnA'f A UR

NAME: WIDE BAND MAGr_ETIC TAPE RECORDER _ EO.UIR4:_T NO. 190

FUNCTIONAL REQUIR_TEhT(S ):

Receives and stores TM data for eventual _layback and data analysis.

EQUIR4ENT DESCRIPTION:

Similar to DSV-4B-127

CO_T $ ,, 12,000

$_____ _7,O00

(DESIGN AND DEVELOPMENT)

(RECURRING�UNIT)

EqUXR4ENT CATEGORY:

NEW X WTR MODIFIED ASIS XETR

IST YEAR REQ'D _ NUMBER AVAILABLE

EQUIPME]_ UTILIZATION:

 U CTIONAL
FLOW BLOCK

NUMBER

LOCATION

R_UIRED

NU_E_

REQUIRED

1.1.7.9

1.1.8.9

1.1.9.9

TP /rsc

,, , , ,,, ,

MCF/KSC

P?F/WT 

MC /WTR

1 GFE ETR

1 GFE ETR
i±

1

1

TOTAL REQUIR_D TOTAL COST $ 106,000

83
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CO_IGURATIOR 0PTI0_ %11

GSE DESCRIPTIO:; SHEET

NAME: WOR.W_TAND - KIT EDUI_4F_T NO. 191

FUNCTION^I,._E:UIRF_r_(S):

To provide access to side and end of Tu E (space craft) while installed on

transporter.

i

#

EQUI_4ENT DESCRIPTION:

Side access -- carbon steel angle and 8ratln_ platform mated to transporter.

End access -- steel angle and gratin_ structure with extensible platforms, mated

tO transporter.

CO._T (DESlC._X. BD_LOP_)

(_CmmING/U_IT)

EqUII_4E}:T CATEGORY :

NEW X MODIFIED AS IS

IST YEAR REQ' D NUMBER AVAILABLE

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

HUMBER

LOCATION

REQUIRED

NU_BER

RD_UIRED

1.1.5

2.2.1.1

2.2.2

2.3.2.2

3.1.1.

P_/_C .

1Storable Prop/KSC

_F/KSC

PPF/WlrR

Storable Prop/WTR

3
i

3

1

2Factory

TOTAL REQUIRED 12 TOTAL COST $ lh7,000

._J

_-/_
81,



UORFIGURATIUR OPTION AI 1
i i

@SE DESCRIPTION SHEET

NA.qE: SECURITY VEHICLE E_.UIR4F_{TNO. 192
ii , , • • i i

FUNCTIONAL RECUIRF_ENT(_ ):

Provide on-slte transDort_ation for. th e secur!.ty personnel, accompanln_

DcD,.Spacecrafe an d ,secure Tun vehcl e from c,lasslf.led ' faclliJv eo classlfled

_- i i •

EQUIPMENT DESCRIPTION:

Twoe le -O Ori- d vehic!e. 0   cil! y.

EQUII_E_,_ CATEGORY:

NEW X
|

1ST YEAR REq' D
..=

$

$

E_IPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

2.2.1.1
i i

2.3.1

2.3._

2._.8
• i i

|

iii

L

-0-

-0-

(DESIGN AND DEVELOPMENT)

(RECURRING/UNIT)

MODIFIED

_ NUMBI_ AVAILABLE

AS IS

LOCATION

REQUIRED

KSC
i| i

"I_R
i J

3
.

.3

m,,

TOTAL REQUIRED
6

i

- | ,i , ,

TOTAL COST $ -0-

-/ _.._._--
8_



CONFIGI_ATION OPTION

GSE DESCI',IPTION SHE_

NA:4E: SIMULATIOH FLIGHT TEST COMPUTER PRDGP@J4 Eq.UI_,4_:T NO. 301

FUNCTIONAI, REQUIR_.I,'T (S) :

Simulated flight test (integrated system test) verifies Orbiter and _a_ operate

as a system. Verifies all interfaces in a simualted flight mode approximate 4OK.

P

L_UI_I_T DESCRIPTION:

M_netic tape or disk, lis%ing and test procedure._

COST PER UNIT: $ 1,329,780 (NON-RECURRING)

$ 58h,225 (RECURRING)

EQUI_4EL"r CATEGORY:

NEW

IST YEAR REQ'D

EQUIPMEbT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NI_4BER

2.3.9

2._.1

2.h.3

MODIFIED AS IS

NUMBE]_ AVAI IABLE

LOCATION NI_4BER

REQUIRED R_QUIRED

MCF KSC

MCF WTR

Factory 1

TOTAL REQUIRED 3 TOTAL COST $ 1,91h,005



OSE DESCRIP'I'IO_fSh'EET

CONFIGURATIOR OPTIOn!

NAME: GROb.'TDCEECIODE?ECO_Z_JTER PROGPJ_v_ _.UIR4EHT NO. 302
me mR t ' " " ' t • = .

FUNCTIONAL .qE_UIR_74E_(S ):

Executive control of Tu_g avionics computer and ground checkou% computer.
t __

Awlonic computer, Executive and ground checkout computer executSTe.
ll± _ - =

#

EQUIPMENT DESCRIPTION:

M_net$c tape of disk; listSng, and test procedure .- 28K approximate memory

_tnstruc.,,ttons. (GSE computer checkou_ executive progrsm,.,2OK, fl:lght computer, checkout

executive 8K.)
• n,

$  90,6 0

$ _29,06h .

, ,,_L • ' ,, " ''a ,,

(DES[GN AND DEVILOPME3T)

(RECU ZNG)

EqUIPME_,'T CATEGORY:

NEW x MODIFIED
o

ASIS

IST IEAR REQ'D ,, _ N.RB]_R AVAILABLE

EQUIR4Et_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

IqL_4BER

LOCATION

REQUIRED

NUMBER

REQUIRED

2.3.9
.. ,= .

2. .1
| |

2.h.3

KSC

WTR

Factory

.

_. , .

t

1

, ,, 3

ii i, _ • , L ,, !

TOTAL COST $ 319,70_

87



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAME: GROU_ID CHECKOUTTUG PROCESSING FACILITY EOUIR4ENT NO. 30_

CO_._UTER PROGRAMS

FUNCTIONAL RECUIR_T(S):

Instrumentation system calibration & test. All system test. Subsystems test

(used on long storage Tugs) Programs for power distribution test, communication

test, ACPS, engine gimballing (steering), propulsion - pressurization, propellant
i

_tilization, engine electronics, thermal control, data management, and guidance

Navigation & Control
_UIPMENT DESCRIPTION:

Magnetic tape or disk, listing, and test procedure. 256K approximate memory

instructions. (Tug power on/off 10K, power distribution 25K, communications 2OK,

propellant utilization 6K, APCS 20K, engine gimballing 20K, propulsion 4OK, data

managment 20K, GN&C 15K, instrumentation system test and control 35K, all system

$ 2.657,280

$ 349,325

EQUIP_.:E_ CATEGORY:

NEW x

IST YEAR REQ'D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NU_ER

1.1.8.9

(DESIGNANDDEVeLOPMenT)

(emcumu G)

MODIFIED

_ NUMBER AVAILABLE

ASIS

LOCATION

REQUIRED

KSC

NTR

Factory

NUMBER

REQUIRED

1

1

1

TOTAL REQUIRED TOTAL COST $ 3.Q06.605

88



GSE DESCRIPTION SHEET

CONFIGURATIOH OPTION

_tqE: GROUND SUPPORT SELF-CHECK COMPUTER PROGRAM_.UII_4F21T NO. 305

FURCTIONAT, RECUIRF_ENT(S ):

GSE Integrity checks and self-check program

- | • , i i u , , ,, n ,

t
i i i ii i • ,, H: , in J i , , ,,l i

E_JIR4ENT DESCRIPTION:

• Magnetic tape or disk, listing, and test procedure. 65K approximate memory

instructions. (GSE/Tu_ connector verification program 15K, GSE self check program

5OK. }
t i • • | ,. =

, it ,

co.-,T $ 67 ,7oo

$__ 67.k7o _

EqU iF_:T CATEGORY:

NEW x MODIFIED

IST TEAR REq'D

_QUI_._T D_ILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.5
• | t

2.3.9
i t in

(DESIGN AND DEYELOPM_T)

(RECURRING)

_ER AVAILABLE

AS IS

• KSC
i: J| .: i

WTR
:| •

Facto r_

1
J :

1
m i it

1

TOTAL REQUIRED 3 TOTALcost$

t

7_2.170

89



CONFIGURATION OPTION

GSE DESCRIVrlON SHEET

NAME: LAUNCH COTZFfDOWq_CO:.tDUTERPROGR2J.IS EO.UIF,.IF?:TNO. 306

FUNCTIONAl, ._ECUIR_T_(S )

Simulated flight test program, propellant loading, and countdown program

(power transfer, vehicle Status and redline checks)

t

i , ,

EQUI_IENT DESCRIPTION :

Ms4metlc'tape or disk, listing test procedure, countdown manuals. 65K

approximate memory instructions. (Propellant loading program 35K;countdown program
,. r ,.

SOK. )

.COST $ 67h ,700 (DESIGN AND DE'SLOPMF2_f )

% 67.n7o (REC0RRING)

EQUIPI.:ENT CATEGORY:

NEW x

IST YEAR REQ' D

MODIFIED

NUMBER AVAILABLE

AS IS

EQUIE._T_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED

NUMBER

REQUIRED

2._.3 1

i.

TOTAL REQUIRED 2 TOTAL COST $ 7h2.,170

9o



GSE DESCRIPTION SHEET

CONFIGURATiOA 0PTIOM
i

NAME: SUPPORT SOFTWARE COMPUTER PROGRAMS E_.UIR4F_IT NO. 307
• i , L i L |, Hi, , | ,

FUNCTIONAl, REC..UIR}.%_h_f(S):

Checkout compiler - assembler, Tug/GSE function dictionary and calibration
- ,- |,L

program, system simulation program, Tug flight ccmputer emulator, orbiter/Tug

checkout computer emulator, Fortran equation model program, trend data analysis

.,,program, flight program assembler and orbiter/Tug computer program assembler

EQUIPMENT DESCRIPTION:

Magnetic tape or disk, listing, and test procedure. 80K approximate memory

instructions. (Data description program 1OK, dictionary program 10K, compiler/

assembler program 60K.)

,, , , = , --, .....

COST $.. 830, oo (DESIGN AND DEVELOPMENT)

$ 83,oho _ ( CU ING)

EqUIR.:E_:T CATEGORY:.

NEW x MODIFIED AS _S

!ST YEAR R_'D .. NUMBER AVAILABLE

EqUIPME_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED

NUMBER

R_QUIRED

2.3.9 gSC 1

1
ii

'" Factory 1

i • , ,n

TOTAL REQUIRED

i , |

t

TOTAL COST $ _13, _00



CONF IGURATION

PTV GSE DESCRIPTION ZHEET

"6BS 32A-07-01

NAME: AEDC INTERFACE CABLE KIT E_.UIE4_:T NO. 308

OPTION

F_CTIONAL REQUIR_._I_ (S) :

Instrumentation required to instrument Tug for propulsion test vehicle testing

01

kj

in J4 test cell at AEDC.

. . ° , , , , , . -

EQUIPMENT DESCRIPTION:

50 Instrumentation cables run between Tug and Junction box.

@ables.

Also, 6 interface

COST FER UNIT: % 13,500 (NON-RECURRING)

$ 30,000 (RECUF, R ING/YE:_ )

EQUIE4EI:T CATEGORY:

NEW X MODIFIED AS IS

IST YEAR REQ'D NUMBER AVAIIABLE

EQUIP;4EI_ UTILIZATION:

FUIICTIOt|AL
LOCATION

FLOW BLOCK

N_4BER REQUIRED

NI_,_BER

REQUIRED

TOTAL REQUIRED TOTAL COST $ h3,500
,_J



_T ¸ )_*FTV GSE DE.....II_._,.ISHF,}ST

W3S 32A-07-01

TUG TEST C_.LL HQLDING FIXTURE _ L_.UI}_4DITriO.

FUIICTIO!IAI, .RE3.UIR_'I._I_ (S) :

Holding fixture to mount Tug in the Jh test cell at AEDC.

309
. , ,.. ,

EQUIR4ENT DESCRIPTION:

Tubular steel hold/ng fixture that adapt to Tug and test cell.
.... -- , • . .. ,,., , i __ --

L . 11 i l , _ 111 1 l l,

COST FI_ UI;IT: ¢ 8,750 (NO'_-RE6URRI;;G)

t 6moo _

E_U!._4E!:T CATEGOR'!:

NEW MODIFIED AS IS

IST YEAR REQ' D

EQU !!';4E!_TUTILI ZATIO ];:

FUNCTIO];AL

FLOW BLOCK

N_4BER

N_B_ AVAIIABLE

RE0.UIRED -REQUIRED

TOTAL REqUIR[:D TOTAL COST $....i_ ,750 .



' PTV GSE DESCF,IP_IION ZHE_
,_ : ..... • /.

WBS 32A-07-01

NAME: AEDC IHTERFACE JUNCTION BOX EQUII%|DIT NO. 310
-- z ., .... l l

FUNCTIONAL RE_UIR_TEI,'r(S):

!r_l%rumentation Junction box required to interface with J_ test eel1 at AEDC.

4

i , , , , ..........

EQUIP,£EBT D_CR IPTION:

_uaction box with 500 t w.iste d shielded wire and 60_connectors.
1 i

r

|

COST PER UNIT: $ 12,500 (NON-RECURRING)

$ 16,000 (RECURRING/¥EkR)

EqUIR4EI:T CATEGORY:

NEW

IST YEAR REq'D ..

EQUIPMEIiT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

MODIFIED AS IS

NUMBI_ AVAI IABLE

LOCATION

RI_O.UIRED

,n

i ,u

TOTAL RE,qUIRED

, | , , |

TO' ALCO T ?.g,5oo
"...../



FTV GSE DESCI_I}'TION SHE)_

WBS 32A-07-01

NAME: TEST SOFTWARE CO_UTER PROGRAMS

CONFIGI_ATION OPTIO,N

FUNCTIONAL HEQUIR__._I,'T(S ):

D_.UIF,4_:T NO. 311

Test software to control.the propulsion test vehicle testln_ fn Jh test cell

at AEDC.

Ol

p_

EQUIPMENT DESCRIPTION:

Magnetic tape or disk, listing, and test procedUre, (See attachment.)

COST PER UNIT: $ 20,760 (I;ON-_.Ec_JRRIN G)

--0--

EQUIPV.EI;T CATEGORY :

NEW X MODIFIED AS IS

!ST YEAR REQ'D h_ER AVAIIABLE

EQUII';4EIiT UTILIZATION:

FUNCTI ONA L

FLOW BLOCK

N_4BER

LOCATION

REOUI RED

AEDC J5 Test Cell 1

TOTAL RE_UI_ED 'tOTAL COST $ 20,760



TEST SOFTWARE J4

J_ Define instru:entation requirements

X• Assign data channels and speeds for analog data•

2. Assign dlscrete-channels.

2. Deter:ine d_ta recording requirements (ta_e recording, strip ch_,

and real ti_e reduction via Raytheon 520 and I_.! 360/50 c_puters).

p _. Deter:ine console real time data display requirements. .....

5. Deter=ine checkout computer (I_! 360/_ data input requirements

for real time test control and monitoring)•

_• Define control pare:eters

l. Assign control functions for manual control panels in J4 test cell.

2• Assign checkout computer control fUnc',ions (relay closures and

logic level).

C. Define calibration data- -

X. Deter=ine calibration for facility instrumentatlon (use trend

data from other test programs).

2. Determine calibration for the test peculiar parameters ..............

Xt is ass_=ed that _AY_C J4 test cell provides channel assignments list, calibra-

tion data, signal routing requirements from existing support software programs.

NDAC will have to provide inputs to these progra:s through Interface Control-

Documents (ICD) •

COLD FLOW TEST

Develop a checkout/control program to perform the Cold FI_ Test.

be executed on the I_4 360/44 computer will provide the following:

a• Automatically accomplish facility monitoring and control.

b. Xnitiate, monitor, and terminate cold flow per the design

pare:eters •

c. Secure test article and facility.

d• Provide the e:ergenc_ shutdovn sequences•

This proqr_

This pro_ra= is si=el at 12,000 words which include limited real time docu-

lentatton via a line printer•

w

b

, .



GSE DESCRIPTION SHE_

NAME: MISSION CONTROL TUG SUBSYSTEM SOFT_ARE EQUIE.I_T _ZO. 3_

FU_CTIO_AI, .,EC:UIRmCET,_(S):

Provide software to drive displays for _Tu_..,Subs_stem status. Utilizing existin_

software progrmns at mission control and provide subroutines for Tug peculiar

functions.

T
| ..............

EQUIPMENT DESCRIPTION:

Card decks.

,, , -- • , m ,,| ,,, , ,

listings, and magnetic tapes.
| .....

CO_ FEE UNIT: $ 950,000 (NON-RE_]RRING)

_2,173,.500

EQUIH._ENT CATEGORY :

N_ MODIFIED AS IS

iST YEAR REQ'D NU_,'BEEAV._IABLE

EQUIH.iEI_" UTILIZATION:

FUNCTIONAL

FLOW BLOCK

Nt_4BER

LOCATION

R]_.UIRED

NASA Mission Control

DOD Mission Control

FOR NASA AND DOD COMBI;_ED

NI_.|BER

RtD.UIRED

1
J

1

TOTAL REQUIRED  ,OTALC0ZT 3,123 5oo

7



CON_IGL_ATION 0PTIO:;

GSE DESCRIPTION SHE}_

NAME: D0D MISSION CONTROL STATUS A/ID MONITORI/;G EO.UIF,.{ENT NO.

STATIONS

FtmCTIOt_AL ._EQUIRD_t,T(S):

"313

Provide Tu_ status to DOD mission control for providing up/down link commands.

Provide subsystem status for tre4ectoryand guidance, propulsion, electrical+pover+
,,, , ,

thermal, data management, test director, and rendezvous and docking functions.
• m,

t
m ,

EQUIPMENT DESCRIPTION:

+_en two bay sitdown consoles with cathode ray tube, alpha numert@al displays_

_mmunications, and associated circuitry.
z

COST PER UNIT:

.°.

EQUIR4DNT CATEGORY:

_ (I';ON-REC_;RRI_':G)

m
MODIFIED AS IS X GFE

IST YEAR REQ' D NL_BEN AVAIIABLE

EQUIP;4EI,T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

R_JBER

LOCATION NI_4BER

REQUIRED REQUIRED

-DOD Mission Control T

TOTAL REQUII_T:D _ TOTAL COST $ , -0-

............. I+t..-..... '_'._,_-"_.+._,.t-_.-,'_ r-.___._.-+,._,--._ .... ,--_...-_,-_...._.--.,'-_A.._-,,,_-_,-._._.+ ,-,j,,..==-,+__.l__+,,..,,



GSE DECCRTPTIO'_ SHE_

NAME: NASA I_ISSION CONTROL STATUS MONITORI:_G P_.UIE4_T NO. 3ih

STATIONS

FUMCTIO_AI, REQ.UIR_Eh'f(S ):

Provide Tug status to NASA mission control for providing up/down link co.hands.

Provide subsystem status for trajectory and guidance; propulsion, electrical power.

thermal, data management, test director,

P
and rendezvous and docking functions.

, ,,, , , • , _

,i • , i

E_UIR4ENT DESCRXPTIOH:

Seven two b.ay sitdovn consoles with cathode ray tubes, alpha numerical d_splays.

_c_--._,_,_cations, and associated circuitz-j.

_4

COST PER UNIT: $

$

EQUIR4EI:T CATEGORY :

ND_

IST YEAR REQ' D

EnV,T:_,_ UTILIZATION:

I_JNCTIO_AL

FLOW BLOCK

I{_4BER

MODIFIED As IS

_ _}._._ AVAIIABLE

X GFE

LOCATION NI_.4BE_

REQUIRED R_UIRED

NASA Mission Control 7

TOTAL REQUIRED TOTAL COST $ -0-
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GR 143

MDAC_FURNISHED SOFTWARE IEQ NO. 311)

I$ A CONTROL PROGRAM FOR

• COLD F LOW

• STATIC FIRING

MDAC CABLE KIT

EO. NO. 308

MOAC

_mmmlmn m m

AEDC

AEDC FURNISHES ALL
SUPPORT SOFTWARE

AND THEIR SYSTEM

CONTROL SO FTWA RE

l

=am m

m

PROPULSION

TEST

VEHICLE

MDAC ]

INTERFACE J

JUNCTION BOX|
EQ NO. 310 I

tl I_m a _ _

iI

[ ANALOG 1MULTIPLEXER

I
ANALOG TO I
DIGITAL

CONVERTERS

i
MAGNETIC 1TAPE UNIT

I
360144 H LINE
COMPUTE R PRI NTE R
SYSTEM

!
|

]DISPLAYS

\

\
MDAC HOLDING FIXTURE

EQ NO. 300

'H ON-LINE
PROCESSOR

• . Propulsion Test Vehicle/Ground Support Equipment Assembly



GSE D}:SCI{IPTION SHEET

_W_: _ APS SERVICER EO.UIII4F]:T110. 113
..... i i. • i j i i i i i m

FUNCTIONAl, .RE_.UIR_.'I_%_(S):

,/" Provide purging, loading, and unloading of A._S Bi'Propellant System
-- _ i i t .,J , • i L . m __

EQUII_'EX'ITDI_CRIPTI0,_:

Modification to existin_ Sat_n APS Se_icer
-- -- _ +

Additional APS servicers are required since we have B1 propellant system

lO%modlfication

COST P:-_ UI:IT: $ 500

$ 2000
i | H i

E(_UIPMEI,'TCATEGORY:

MODIFIED X AS _S

LST YEAR REQ'D
i

EQUII';4EI_ UTILIZATION:

FUIICTIO::AL

FLOW BLOCK

Nt_.IBER

R.1.7

, , t _ |

f.. •

L '' ' L '

_ NU).]B'L_ AVAIIABLE

LOCATION

RID.UIRED

Storable/KSC

Storable/l_'_R

w

Modifteat ion cost

Servicers
ii

I .°

$800.00

TOTAL REQUIRTI) 2

m ii __

•O_'ALcost _. _,aoo



•. OSE I)].:SCI_I}'TIC;ISI!IL_

NA!4E: CHECKOUT CABLE KIT EOUIF,.IFI;TIIO.

FUIICTIONAI, REC:.UIREr(]':I.'T(S) :

Provides interconnects between test sets, vehicle, power, etc.

118

_UI_,IEIiT DESCRIPTI011:

Consists of all cable, (uower, RF,signal) required to support Tuy

Unique checkout in all areas. Cable network - 70 cable assemblies

(80 ft) lon_ - (35 60 pin cables; (18) 4 pin cables; (5) 39 pin

cables; 7 coax cables; (5) 2_ pin c_bles; breakout Cables and general

breakout'box.

CO_;'t}'k_LII;IT:

E_II'VI;I:T CATEGORY :

N}7-! s

Similar to DSV-hB-726A.

$ 13.500 (DESIGil AIm-D[WEIDPI,_I_)

5,1oo

MODIFIED 30% AS IS

IST YEAR REQ'D _UMD!_ AVAI IABLE

EQUJI'MEI_T UTILIZATION:

FUIICTIOr:,%L

FLOW BLOCK

Nt_MER

I.i.5,1.1.7 ALL

1.1.8 ALL

1.1.9 ALL

1.1.1_

.2.3.9, 2.h.2

LOCATIOII NUI.g_T:'R

R}:OUIRED REO.U1I{ED

WTR

I

: 1

TOTAL COST $ 5,100



GSEDL,'SCRIFTIO:_SHEET

COh?IOtr_A'_Ul! 0FTI0:: 3F

NAME: COI,TO;]E','TPROTECTIVE COVERS Eq.UIR4E)IT RO. 120
I , i i J i - - --= i , | Jl i , ,

FU_CTIONAT, _E_UI RI_4T.TPr(n):

Provide prelaunch protection for vulnerable components. Removed prior to launch

and returr.od to factory for re-use.

i i , • , i ,i i i i • m i ,J __ i eL • i i

EQUIFMENT DL_CRIPTIOI_:

ProtectS.re covers for bellows, titanium bottles, and other components subject
i ,, L I ,| J, ,, " -

to ground hBndling de-_aget including G&C lens eovors.
• , , ,,=, i J , i |, i , • . ,1_ --

¢  ooo (DESIGI{ ADD DEVELOPI4_T)

$_ 7_ ( cur ra G/U:.ET )

EqUIR.',EZ:TCATEGORY:

NEW, X _D_I_ As is._____.

1ST TEAR F',EQ'D . _ RU_.,,_ERAVAILABLE

EqUIPMEZ_T UTILIZATION'

FUI.;C'PIO:_AL

FLO:r BLOCK

I_4BER

1.1._

1.1.20
i i L | ,i

KSC

WTR
ii i i ....

i

2

R

im | L, I

2,800



• t" | ' I _GSE DE,,C,-I! TIO., _Hr.h"?.

J

NA!4E: COVER - SPACECRAFT ]_UIJ%I_:T IIO. /122
• ,

FUllCTIONAI. RE._.UIR!:I.,'ELT(S ) :

To provide environmental _nd physical pro_eetion to a SC while

it is Joined to the Tug on the transporter' •

]_IV,.:ENT DITSCRIPTION:

A rubber inpregnated fabric cover _for the SC designed to integrate
• z

with the Tug cover as a replacement for its foulard section.

•L

COROTI'ER UIIIT:

$ 500

EQUIPMENT CATEGORY :

NI_/ X MODIFIED

IST YEAR RFQ'D

EQUII'MEId' UTILIZATION:

FUI{CTIOI;AL

FI.OW BLOCK
NL'M:IFR

l.l.lt

I.i.2.1 •

1.1.2.6

2.3.6

2._.8

(DESIGN AND DEVELOPI._IT)

(RECL_m_ING/UNIT)

AS IS

)lUMBER AVAI IABLE 0
|,

LOCATION

REQUIRED

.... ,D

w , , ,,|

2

- , , ,w

TOTAL )1}"QUIll.rID I_ TOTAL COST $ 2',000
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GSE DESCItEPTION ZIIU.,_,_

IIAME: Co_-er-Tu_ EO.UIH.I].TT I[0. 123

FUNCTIONAl, _E?UIRE15"I._'(S):

To provide envirorLmental and physical protection to the Tug

J

during transpor_ protection to the Tug durin_ transport and

. s.torage in the horizontal position.

}_UIE-!ENT D}_SCRIPTION:

A rubber impregnated nylon fabric cover fabricated to V shape in three

sec_ents which are _ssembled on the Tug by laced and zippered closures.

CO:;T }'I._UNIT: $ ....3500

$ 800

(DESIGN A/_D DEVELOPI._.T)

(RECUER!I;C-/UNIT)

E_UII_41:I:T CATEGOR7 :

X
NEW MODIFIED AS IS

_u

IST YEAR REQ'D NU_BL_ AVAIIABLE 0

EqUIP;4EI_T UTILIZATIOH :

FUHCTI O_;AL

FLOW BLOCK

N_.L"_I'R

1.1.2.1

1.1.22

1.1.24

•-KSC"

W'_

,, , ,, , --

IIt_4T_FR

RD0.UIRED

2-!

2

TOTAL RI:QUIR[;D TOTAL COST $ 3,200 _
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GSE DEGCI{IPTION ..,.c.r._""'"*

/IAME: CRADLES I'_UIF;.{H!T {lO. 124

FUtlCTIONA I, .,E3UIR_:!,TI.'P(S) :

To provide a means to support and restrain the Tug on its transporter.

_%_UIN,-:_IhTD_GCRIPTION:

An intermediate steel structure %0 fit between and attach to the Tug

and transporter.

COST I'I...'RUNIT:

E_II_4I:Z:T CATEGORY:

14E'..!X

IST YEAR REQ'D

$ I00,000

$ 65,000

(DESIGI{ AND DEVELOPI_IJT)

(RECURRZ_G/_ZT)

MODIFIED

EQUIP|4EI'T UTILIZATION :

I_JHCTIOII^L

FLOW BLOCK

N_.I.:]I'R

1.1.20

NUMI;I_ AVAI IABLE

LOCATIOH

R}DUIREI)

KSC

in J ,,, LJ

AS IS

0

_ 2j. ¸

TOTAL R]CQUIRF:D --. I_ TOTAL COST $ 260,000

=---//,o
m
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CRYOGENIC PROPEI/&MT LOADINOCOMPLEX



GSEDESCRIVI'IONSHEET

R_ME: Cr,YO. PROPELL_T LOADING C0!._LEX _D.UIFM_:T NO. 125

FUNCTIONAL REC..UI R_.ST (S):

Provide for transfer and control of .LO_ and.. LH..,. from facility to vehicle

umbilical.
, ,, i , i - |

• .

,_ is i _ i i i , ,

I_QUIEP.ENT DESCRIPTI ON:

LH 2 and LO 2 loading complex utilizing hardvare from Sacramento Test .Center

a_d KSC vhere possible. (Control valves, umbtltcals, etc. )
i

_o_ping system.) Same as DsV-hB-331 and -332.

(Utillze Shut:!e

COST $ h0 ,000 __ (DESIGN AND DE%'BLOPZ_2_T)
| i

.$_ 20_BO0 .... (KECURRU_,O/_IIT)

EqUII_4EI:T CATFC_ORY:

NEW
i

IST YEAR REQ' D

MODIFIED X AS IS

NU_ER AVAI I2.BLE
t -- J, l

X OFE facilities at ETR

EQU I_,._ERTUTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED

2._.3 ' KSC

WTR 'l

1 T_fAL COST $ 20%000

22
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I

GSE DESC_I}'TION $HF.._

|lAME: DATA MANAGF_._WT SYST'_.!T/S (D:_T/S) EQUIf_.|E}IT110. 127
L ,i i,

r, _ I," _ •

Controls operation of DMS computer and monitors computer status, initials program

loading and verification, performs functional verification of D._ command and

control functions, interface with other T/S for dedicated displays, verify

selected subsystem parameters as program.
........ |

E_I_'ENT DI_CRIPTION:

Portable console interfacing with comRuter for Program verification and D:_ memorj

o._u_pC/O, paper tape memory loader, tape reader, DMS computer control and status

j_enel, dedicated display panel for DMS function and progrannnable display for othe__

.subsystem functions (GNC, Comus, Power, and Prop.),.-_,.CRT_ = "

CO_F |'KR UNIT: $ 1,033,000

$ 412,000

E_CIPMEX;T CATEGORY :

NE%; X MODIFIED AS IS

IST YEAR REQ'D NU_LR AVAI IABLE

EQUII'MEI_T UTILIZATION:

FUIICTIOI;AL

FLOW BLOCK

#

I_.I.5, I.I,7.ALL

1.1.8 1.1.9 •

2,3.9, 2.k.3

LOCATIOH

REQUIRED

°.

..

F/

Launch P_d/WTR

.%

1

TOTAL " *n_' in_,qU.....D ' OT/mc0zT    Z,ooo



CO_VlG_TIOm OPTION

GSE DESCRIPTION SHEET

P'UNCTION^To nEt').UIRE_.F_'(S):

Provides .ad_ustment_ ca!. i_.._tion, and functiona! analyses .for FM..transat.. tters .

and It? power amplifier in rtage. : --_ -: ...... , ,, .

__ i ii i • , i I i I n • _ , I i L i m , i , i

EQUIPMENT DESCRIPTION:

s_l_ _ _,k_252

...... , i

...... ,I

_ --_ , ,= .,. =. . , |

con'r • . $,,

t

NEW
m

IST YEAR l_q'D

EQU iP;_'E_,'rUTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

• 30,000 . (DZSIO_ AND Z)]re'E, Ol_l')

lOO,OOO (eEcmut]]OlU_ZT)

MODIFIED . __ _ .AS ISL I00% .

N3MB_ AVAILABLE

LOCATION

RmUlRED

Fsctory
,t ,, |

NUMBER

REQUIRED

-- m ml I nl in

1

TOTAL REQUIRED I
_OT_L COST _ . 130'000aa,,

32



FM TI_%NSMTTTER COMYO_ENT TEST SET

_J
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_,Jum..,"I0UA.u_'J."J._a O_ION

O8E D_CRI_ION SHEET

N_qE: FREQUENCY CALIBRATION UNIT RACK __Y _4_'I' NO. 13_,
| i _ i ml __ ii

Meaoure8 frequency of TH signals received by' ground 8tsttons.
in i i, ,l t _ _ ..........

f_equency standard device to measure and display TM 81gnsA8.
t • i , ,it tiim t J , t , t| , , ,,

_4 8isnals.
I |l lil t | • , Bin i st i i ii ---,

Contains

Calibrates
ii

i i i,, -

-- i | i • u iL i i i,| im i !

mtrI_ DZSCRITTION:

i i lira

,L i ii i ii i | i

i • i| i i t • I

| i iii i i i ,i m J i ii ii t i

¢O_T $ :: 10,000

8 ,000

NEW _D_I_

IST YEAR REQ'D .,,

EQUIR4E_ UTILIZATION:

FtN_IONAL

FLOW BLOCK

i • , i m i __

(ossz 

_ NIJ?4BI_AVAILABLE

ASIS

LOCATION

REQUIRED

/" Factory

|1 |

1 '

I

TOTAL REQUIRED
i i|

 rOTAT COST $

,l

_ 91 .000 ,



FRF_UEHCY CALIBRATION U_IT

, E-/'_



Fu&L. CELL. C.ONT_.OL. UV_ _1"

I

11

_L



CONrIOt_TION o_io_: _J/::
-- , ,i '%

GSE DESCRIPTION SHT::.,J_

HAKE: FUEL_ C_ELL .CHECKOUT KIT

FUI]CTIO_IAT,RE_.UIR_._I,_(8) :

EqUII_.IEI_T}lO. 13T , ,_,

_pp_ reactant gases to fuel cell battery.(_B)? provide test loads for FCB,
,hi

provide signals to control FCB operation, measure response, remove heat fro_
, , ,L w -- - _ - , , " , i

FCB, via coolant passages and make di_nostic measurements of FCB.

• ,• _ • ...... r

EQUI_IENT DESCRIPTIOn!:

Composed of work platform; fluid connections for gaseous oxygen and hydrogen, pressu_
N L

regulators, electronic equipment racks, test cables and connectors. Electronic rack
..... L

consists of power supply, load bank, and control panel assembly with switches,
-- -- -- m , n

meters, line printer, sequencer, digital voltmeter, and associated circuitrT.
-- _ _ , , , ,,, , t nn ,

COST YI_ UNIT: $ , 18.0.000. (NO_;-_ECURRI_:G)

%. _s ,ooo (_.cuP_ _t:cm I:.,,_)

EQUIR4EI_ CATEGORY:

_EW X MODIFIED AS _IS

IST YEAR REQ'D

F.QUIP_._I_TUTILXZATIO_:

FUHCTIOI:AL

FLO:I BLOCK

N_.JBER

NUNB ,I_ AVAI IARLE

LOCATIO:;

• R_D.UIRED

2"._.3(a) •r,sc (s,_i_ _.....,a) 1

w_ (s,zineArea)

Factory

1
i, _ ii , i -

1
H

TOTAL RE_UIn_D _

, n l ,m

• cos':

 '-'170



\

p



08E DESCRIPTION SHEET

WAME:GUIDARCE AND NAVIGATION TEST SET
iN i I il • ,i

_UIR4F_T NO. 142,

_CTIO)_^T. RECUIR_4EFr(S ):

Monitors and verifies checkout of IMU and GC. It provides calibration,
........ , . .,. s,

alignment and simul&tion of navigation progr-_s. Capable of simulations of all
..... ,l i i i i

flight programs.

im i i mn • , m n ii i ii u ii in i = ....

_qJlPMENT DESCRIPTION: .

Rate table and associated electronic bays which include display _nel, control
t iJ • r i , _ i i | ii m i L

panel, oscilloscope, universe/ counter, Digital voltmeter, interface (DIU) assy,
i • i ill i -- iml ,, , .............

po_r supplies, _!g_tal printer paper tape punch, test point control panel,
-- m i • : m i i i ira| , | i

downllnk display panel, etc.

C_ (ozszoN _'o DEW,LOPME_)

(m_]mu,wolua:_)

EqCIPM_.T CA'TEGORY:

NEW X MODIFIED AS IS
,m,

_T TEAR _'D ...... NUMBER ,A.V_I.AJBLE

EQUIPME/_ UTILIZATION:

FUNCTIONAL
LOCATION

FLOW BLOCK REQUIRED
HUMBER

Nt_RER

REQUIRED

1.1.13 • " KSC __ __

mR

Factory

i i

1
iN i m

L_ m

TOTAL REQUIRED 3 TOTAL COST $ b17,000 -

39



OSE DESCRIPTION SHEET

NAME:GUIDANCE AND NAVIGATION SYSTEM C__ CKOUT KIT
u in

E_UIPMFRT NO. 143

tetmcTzowAr, l_l_.ulel_e.fl_,',]'(_):

Interfaces betveen Tug I_,_ and GC and the laboratory te_ equipment. Also
_ in • m_ L I i _ • I l li i

proTldes mounting of ZMU to rste table.
i i u i i n t i i i , , ill Lu,

I i in i n

EQUIPMENT DESCRIPTION:

Consists of I_J holdlng fixture and e&bles.
,,-- -- m • n I i .man : • •, H.

I nl I i nl I : _ n I n nu n

I • i I i .i n I nl i n m -- |inD, U n

co,_' $ lo.ooo (OZSlOll, AND DEVSLOPMEI_)

$_ ....._.ooo ' (Rscumt_o/t,m'P_)

E'__UII:'M_,'T CATEGORY:

NEW _ , T MODIFI_.__ AS IS

IST YEAR REQ'D

EQUIP;_E_ UTILIZATION:

I_JNCTIONAL

FLOW BLOCK

NUMBER

IqUMB_ AVAILABLE

ESC
n i

1

,,,,,,,

Factor_

1

TOTAL REQUIRED

nn I

3_
• i i

,x,o_ cost S ,_,s,o_

_---/7 3
kO



LASER RADAR CHECKOUT AND AX_ALYSIS KIT

°

_-- ,,74



•GSE DESCRIPTION SHEET

•AME: LASER RADAR CHECKDUT & ANALYSIS KIT D3.UIR4FRT NO. 144

_CTIONAL REO UI_.HT(S ):.

Test coolant system, check alig_ent, cheek re_e and RCYR, cheek aodulatton,
-- , t : in ,

meam,lI'e l_w_ and. _e_"_J9 and m_,_re se_ response
--- i k il i i i

• ,i , ii • , • i ml ii I i I Im

EQUIPMENT DESCRIPTION:

3 be_7 console, beam splitter, dichroic lens, optical source tarKet, and test
e , i., w" m • n , u:

analysis test set. This kit consists of radtmeter, interferometer, modulation
p ,,,m t . , m i i t i ., t i ,

test box, tr_sfermeter, l_ver meter oscilloscol_, and etc°
i • • , • , | : t ,,,- i | i| i

con'r $._....,1_, ooo , _

$ 7o.ooo

(DESI0_ AND DEYELOPM_IT)

(aP,cuss:molUS: )

EQUIPMENT CATEGORY:

NEW X

IST YEAR .REQ'D
Jl|

MODIFIED AS I'B

IfUMBII_ AVAILABLE
tn ,n

E_UIP74EI_ UTILIZATION:

I_NCTIONAL

FLOW BLOCK
SUMBE_

LOCATION HDMPAER

REQUIRED REQUIRED

"1.1.9.9
li J

_C

Factory , ,, 1

TOTAL REQUIRED 3

i m ii

COST $ 330,000



LAUI_CHCOUIITDO_CONSOLE



CONFIGURATIOROPTION 3F

GSE DESCRIPTION SHEET

h

_t_E: .. ,LAUNCHCOm,_ DO_._COIZ_LE, , E_.UZR_ZT NO., ,145

FUtICTIONAL REC.UIR)_IE},_(S):

Controls and monitors launch checkout .and .count down of Tu 6 vehicle.

EQUIJ_:EI:T DI_CRIPTION:

Console vith intercom and count down clock, status indicators, alpha

numc__ical display and associated circuitry*
.... i i i • i | ill • ii | | i

--- ... i i i i i , H -

CO,',T

• |

$_ 30,000. , (DESIGN _D DEVELOPZ.._q._2)

a.m_v,a.,a,, j-J,..AI A a,._4.,6,_. 8._.1_d,_4,. e

NE'W X _ _

1ST YEAR REQID

EQU!P'._!_.T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_4BER

_._._ , ,.

MODIFIED

_ Iq_4DER AVAILABLE.

_s x _.._at m'_

LOCATION NUMBER

REQUIRED REQUIRED

_TR 1 "
• L : |, , i

, | , -_ , |

1 TOTAL COST $ 20,000
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.... COWFIGURATION OPTIO'; 3F

GSE DESCRIPTION SHEET

NAME: LH2-1Ie HEAT EXCHAIIGER . EqUIR4F31T NO. 147
: •, , I i, " i|i I

FUNCTIONAL RECUI BI_W.I_'(n) :

Provide prechillin_ or helium used fo r APS tank presm_riz_tion or rain

_propell'ant t___ pressuri_atlon

EQUIR:ENT DI,_CRIPTION:

LH2-He heat exchanger utilizing hardware from Sacramento Test Cent,..rand
L t I 'N I , ' .... ' -- W • "I " ' t" I II'

KSC where possible.
•.LL, L = '' | I ' L I , , ,| ,

CO:IT " $ 0 _ (DESIGI_ Ai_D DEYELOPMEZ_)

20,000 (I_CUI_.L'_G!U_IT)

EqUII_.',ErTCATF.GOR¥:

IST YEAR REQ'D _I_,mER AVAILABLE
L ' '

EQUIP|,_NT UTILIZATION:

FU}_CTI Ot:AL LOCATION N_41%ER

FLOW BLOCK REQUIRED RE{_UIRED
N_.|BER

I

"1 "1 J_ 0

,....,..,.,... ____. -

:1.i.9.7 WTR I
k '

• , ,| ,

I I • m,

TOTAL REQUIRED I ,ro'.,'.,.Lcos 
m



f

i I

lJ

3_ '_3_

|I i

,L,L

SIGNAL CONDITIOn|linG UNIT

• _.-/gO



__Zo_ oPTzor Jr.

GSE DE$CP,ilTION S}!EE_

i , , --

SIG:[AI,CO';DITIO::I::G_;IT lh8
N_..'E: ..... EO.UIT¢4EfT }10.

im , _ - _ n i i

FUNCTIONAL RE_.UI RE'_:l._'(S) :

Intcrfaces br:t::c_-n Tug vehicle and GSE for sIF..val and _ovor conditionin_, =nd
,, '_ , • , , , , |, ",,

dlstrlbution

Ib

D

EQUI_.:EI;T DESCRIPTION:

Consists of --3 bay console which contains Junction box,_ (i) 1332 _oint patch w_-uol
= _ , m,, _ ....

8ssenb!.v, (i0) Izol,.tion _:_qliflers,..(1) |_ row r-.iP.,'t-plane,(i0). buffer amplifiurz,

(i) lozic po','-_rsuo_ly, and (20)co.r,nec_ors znd assoclatod riling,. (Similar to

Ik%%'--l,B-i33 ).

CO_T $ 3o0,o00

_, z2o.ooo

J I n , , n __

(DESIG:I t4_O DE%q'LO_,Z_ZT)

(FZCU_,_Zl;CI_,UT)

EQUIP;.:F.I:TCATE3OEY :

NEW x MODIFIED ASIS

1ST YEAR REQ' D NUMBER AVAIIABLE
, , - . n m - !

EQUIP; :EZ,T UTILIZATION:

FULTC__O:T_%L

FLO:; BLOCK

N[n4BI:R

1.I.5

; 1.1.7 ALL

/ 1.1.8 ALL

2.3.9

2.h.3

LOCATIO._;

REQUIRED

_ _:H

. ,,. . • n

Launch Pad/WTR

NI_4T_ER

REQUIRED

|

, ., , n

1
TOTAL REQUIRED TOTAL COST $ 120,000

E -//I
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GSE DF_CRIFI'ION SHEET

CONFIGURATIOR OPTIO::
3F

NA.'4E: ORBITER SIMULATOR I_.UIR4ENT R0. 149
i m Hi i i t

?UNCTIONAT. REC.UIRF_._NT(S ):

Fun.-ttone/ly simulates orbiter/Tug interfaces for verification of electricr.1
..... | m in t t i - '. " w

parameters

EQUI_.:ENT D_CRIPTION:

Portable test set containing encoder, decoder and load test circuits.
.... •- •m i n

Contains s_,itches and indicator lights

10% modification due to avionics changes.
• • , | , • i i J ,

CO_T $  00,000
• • • |l

$ i00,000

EQUIP_.:U:'TCATEGORY :

NEW

IST YEAR REQ' D
t

EQUIPMEI_T UTILIZATION:

FUNCTIONAL

FLO_I BLOCK

N_4BER

,, i

1.1.8.9

i 1.1.9.9

, • | i

(DESZOI AND DE' ELOP:. )

MODIFIED X

_ NU_,_ER AVAILABLE

ASI8

u ii n in

LOCATION

R_UIRED

TPF/KSC
-- t,

PPF/  R

_t o r'_r .

1 x

I. X

__ 1 Y

_ TOTAL REQUIRED 3

m •n i ,-= n

TOTAL COST $ 30,000



ii

i

o+ m

i

u ....

Iron

Ima&l
i

u

+

I_ o ®

I

I

I

t_

"_-'E _ "I"



COI_I01_ATIOH 0PTZo,.; _ 3F

CSE DE_CHIFTION SHE_

tZA.'-_, POWEa SYSTD.t T/S (_'TS)
-- an nil i

• ZqUI  T .0.
• il I m u I I mlu I

FtmCTIO:_AL ._E_.UIF._._I_(S):

Provide neans to load fuel cells and vehicle Power dtstributi.on eyetem...Provide

facility power malfunction.
e • e, m • • i i i i e - ,, , _ • e

-- -- i I J

_UIF,.IEI._TD_CRIPTION:

., . - _ •

Two bay rack. of electrical equipment eont&in_ng two independent pro_rL_nable power

supplies for vehicle power, one programmable power supply for GSE power, and
°

progr_uable loads forlvehicle power system C/O, a backup b&ttcry unit is provided
-- __ e ,, , e i , n, e ,|, e I I me,

for _',.ergency p:)wer.
-- -- i i i l l I i i _ mill Nil in l J i • I T --i

COST FF.R UNIT:

EqUIPZ.'E):T'C.ATEC,OR¥ :

):/]._I X MODIFTE,) AS m_______

IST YEAR REQ'D

EQUIPI4EI_T UTILIZATION:

FDNCTIO':AL

FLOW BLOCK

NUMBER

1.1.5, 1.1.7 ALL

_ _,_ AVAI_ARLR.

LOCATIO:;

R}I_UIRED

, _ m nu

 .1.8ALL 1.1.9 ALL

_.3.9, 2.b._
• ' "" | in I i

3
• • ,... • .-,

Launch Pad/_TR

n

%
• u • u

TOTAL REOUI_ED _

J - n

1

- m m

TOTAL COST $ &8,000
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os_ D_CRIPTIO_ S_T

COI_'IOb_IATIO_ OPTI01_ 3F

_._: . ._:_.:A'_IC_SKID LA_ZCH ..... ,, muz_r_zT .o. 1e2

FUI|CTIONAL REC'.JHRI_.fE,h"r(_ ) :

Provide regulated gas supplies to vehicle for. Pressurization of pne_at£¢ _

and propellant syst_u for pad ohe_out and launch.
• ,, i i i i i i •,

| i ill ii • J , i
I ,I __ i i I I m • m

EQUIR4_.-_;TD_CRIPTION:

i I i . I i I i i i I I ii

Pneumatic console such as DSV-hB-_32A modified for spec£al Tug requirements.
El _ I . I I I _ I I I III I I I I II I i

i J I i l .i I u i ii i . _ I i } I i i J i , II i

i i m i i i I I i i I i

CO,'3T $ _,ooo

$ _so,ooo

E_UIPIP,ENT CATEGORY:

NEW X WTR

1ST YEAR REQID ...

MODIFIED __

_ AVAILABLE

AS I5 X GFE ETR

EQUIP;4EI_"I' UTILIZATION_

I_NCTIONAL

FLOW BLOCK

N_,_ER

LOCATION

R]_UIRED

2._.2

• 2.h.3

•Launch Area/ESC_

,._unch Area/WTR "1 :
i L II II

li "--

_, TOTAL RE_UIR_:D ....
1

• ,, i, _ In

, i

TOTAL COST $ ],50,0o0

_--/_
59



PROPELI_iT OR PI_EUMATIC COI_ROL CONSOLE

_-'--/8_
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GSE DECC.:I.*'T'.O:: SY.?.r.'T

I_A!..'E:PFOPZLL'-'_OR P:;E'_'J_TICCO:_ROL CO:;SOLE
, , ,m H -,

EO.UIE4_T ]ZO.163

FU/ICTIO:_AI, R.-"uTn_',m,',,t,-.):

"Controls and _nC'--'n_--tic re+m_lated gas sub.--lies for Yehicle press'_i:atton of
...... I j i I | i

pneumatics and pro=ella+n_ systems, Used for checkout, _ur_e, end pressure check3

and lo_-_-in_ of _ne',_.a+-$cs into Tu_ vehicle. :._nitors propellant loadinq and _n-

loadtns. Ca?able of se=i-auto.-..ntic or ---nual loadin_ of propellants.
i , ", i ,i i t t, | .

]_%_UIE-:EI_TDESCE IPTiO:!: •

.Three b.a>" console %-lth intercom, .Itght and tndica+.ors, switches, and alpha

numerlcaul displ_/, and associated circuitry. (Stnilar to DSV-k_-233.)
• i , i , l, el

| • | , i , .. |i i . t

n L__ ........

o

COST FB UI;I?:

EOt'T_.:r'"i _ C.',T+ZCO_Y:

]fEW X %'TR

IST YEAR RE_'D

EqUI!';4EI_TUTIL_Z'_TIOU:

"I'U_;CT.r0.?;,_.5

FIX):;BLOC:[

I_4,3ER

(_,'o,-,_m._ z;;o)

(REcuva z]:c IY_,.'_ )
.ll

VOD n D_, 

L'U_,,'BI_AVAI IABLE

AS IS.

LOCATIO:;

RD_UIRED

ETR

||

RD_UInED

1,1.7.1, -._ •

:/1.1.7.6 - 9

2.5.2

-- |

Launch Pnd/_TR

in j • .m_mmlmmm_

/

o°

• '1

TOTAl, _EqUI_._'D I
-"T-

•

O



5PAC_ SImUlaTOR

. E-/_po



CO_I'%0_TZO]I Oi_'ZO_; 37

SPACECRA_'T$I_TOR "_E:
I_ • . I, I I IL II I II' I I I I

muzmn_Tzo. _68 ,,,
I I

FUnCTIONM, nP_lJlnFJ_.l_ (n):

• _.,,otio_._ly ._. ,,re, _,/Sp,=o=.._t .l,,,_e,_'a,.to,'. ::.,.e=lo., or.

eloctricel p_-s_et ers.
i _ , i ' - ii - _ I I IIII I I I L I I • I •

| ] ii i | ii . i i • -- I • .,m m

I I

[J I I I I I ' i .....

EQUIJ_ENT DESCRIPTION:

Portable tester conts/ntng encoder, decoder and load test c/reu£ts.
"" -- i I _ L I I I • ilII iiii IU • I

10_ modifie&tion due _o AT£on:l.e Ik2stw o_h_nles* _
_ " ' ± 1 I m I II I

• : ,
j • i i _ ..... " : -- "I I I I _ I III

-- I I - "

CO_T t zso.ooo
I •

+ --n
",ur • _ mv_v .

(mr,c___ _n:o!u_z_r)

EqUIR.'._'T CATEG.OR¥:

NEW MODIFIED _ + X
AIIZ8

IST YEAR REQ°D ,,

E_JIPMEI_T UTILIZATION:

FUNCTIOt;AL

BLOCK

R_4BER

r0MBm AVAILABLE

REQUIRED

I.I.7.9

1.1.8.9
i

/1.1.9.9

. ._'/_tsc

rx_,'D_ _ _

Fac't_:r,y
i

.I
I

1
I

x
I I

x

i|

TOTAL REQUIRED 3



SPACETUGSII_U_ATOR



COh'FIGURATIOH OPTIq)N 3F
i

GSE DET_RIPTION SHEET

l_tqE: SPACE TUG SI_._LATOR • ]_(PIR4F_T NO. 169
II I ,i i i w i

IrdNOTIONAI, BE,.._IRI_4EI_I'(S)•

Functionally simulates Tug electrical parameters for verifioation of GSE, payloads
'- - i w , -- , .... ,,,

and Shuttle interfaces.
, i| , , i ' ..... _ L

I I ' ' e

|1 i ,,, ,

EQUIPMENT DESCRIPTIO._-:

, - , , i m i| i , • •

3 Ba_ console interfacing, with computer complex containln= lo_ic qards,.encoder,

_ decoder, and load test. t_t. _tnt _,,-m_l?_. i_dteator nanels, logic _oveF ' su___:!ly,

_ath _an_l .r_t_tl_ %0 PJSV-IAR-I_?.}.
-- -- | , , . ,

dueto A oaic 
I | II , , i i i • .... m

CO.nT __ hnn _nnn

i

EQUIP_,'EI:TCATF_ORT:

NEW
• we

IST YEAR RE_' D

EQUIPI4EI_ UTILIZATIOH:

FUNCTIONAL

FLOW BLOCK

N_,JBER

( DE_.IGN AID D_'E_OI_T)

AUL_ _ U_JIJ .

MODIFIED. x AS IS

IWRRER AVAILABLE
HI

HL_4BER

REQUIRED

1.1.7.9
i

/1.1.8.9

TPF/ SC

I •

1 X
./

1 X

e

TOTAL REQUIRED

I̧ I, |i

• TOTAL COST $

i

 o.ooo



:,';,_C b; ", _OLT
:.'-¢;r_3 20:'3 WASHER

• I:"it,'l'¢," _1"1 _y

e._ll • .,i • _ io_v

t.;+,J.:;uJ5 I UPPER
•.:. _o_,ECTING LINK

•, :JO E,%D

:,,._.,.30'.3 32 IiUT

•._.'_i_ 4 PIVOT

_ LOAD
';E L L _"_._.

/ HOIST BEAM

A

NAS509-24
NUT

NUT

F,_,CILITY HOIST

1B81482 1

SPREADER
BAR ASSY

1BB1486-503
CABLE ASSY (2)

1881486-1
CABLE ASSY I2)

VIEW A
(TYPICAL 4 PLACES) FIGURE 1+

CODE IDENT

SC &L E

18355
I SHEET ." /



CO)_FIGURATIOr_ OPTIO:; 3F

GSE DE$CFiFI'IO': SHEET

IlA.4E: STAOE WEIOII S BALAIIC_ IflT Eq.Y/IR.I_IT_riO. 173
!

FU_ICTIOI_AL REC.UIR_'_-_Eh_(S) :

Determines weight and center of _ravit_ on staze and tilt table.

• , i i

EQUIH-.'F2';TDL_CRIPTIO_!:

i i i Jm ° Ji ,

Similar to DSV-7-321 includ,s electronlcs from DSV-_B-31;5.

10_ modification due to e_nles in center of gravity
i J i iu • -.

COST # _;,o® ,

i

(IESIGII _ DE_rELO_T)

EqUIH.',_I:TCATEGOR'f:

NEW

]ST YEAR REQ'D

MODIFIED i_ AS IS

_ N'OMB_./_AVAIIABLE

EqU II';.;EI_TUTILIZATIOII:

I_I;CTIO_AL

FLO_','BLOCK

I,.I.I_

LOCATIO!I

Rl_UIRED

,TPFI_SC,., 1 x

•1 x

| , |

TOTAL R}.-'Q.UIRED_

o
- - i . |

2 _AL _ST ,_.__i_,.o?o..____



.j

PROPULSIOI!

PNEUX._ATICS

Kh3_K)

SUBSYSTEM MONITORII[G CONSOLES



OSE DE_CI;tlF'TIO_ SHEEt'

uusr J._u_.',r J.upi _! 3F
i

NA_ME: SUDS¥STEM EOHZTORI_G COIISOLES mUIR4DIT tlO. I76
, i i ......

FUnCTIOtZ^:.._Z_UlR_.hT(n 1'

M_nttors subsysten checkout and count dovn of ayionles subsystems and
i i i | |l ii i 1,± ii i i | --,

displays status
I i| - i i , i Ii• • i |.1 .- -

e

I • i i i _ j ii i • i | i . i • • i i

, • i i i i i i • ! i i _ i

EQUIR_,EL? DESCRIPTION:

Console with intercom, light and Indicators, switches, and alpha numerical
-,, i i i,n ,= ,,,, ,, q H , =,, ii i ,., i

display (propul_lon, avionics, thermo' , _ne-_matlcs)
........ . i t _. , i i ,, = , L i i _,m

co. $
i

. . ii |

TO,O00 (DESIOI_ AL_D DEVELOPI_T )

NEW x _TR MODIFIED AS IS X ETR GFE
. .==.

1ST YEAR REq' D

EQUIE4EI_ UTILIZATION:

FU_:CTIONAL

FLOT; BLOCK

ItU_._BER

NU_ER AVAILABLE

LOCATION Nt_,_BER

RI_UIRED R_UIRED

KS¢
I | -- , ......

, o ..'.
WR .3

| = , . ,, In

i •

TOTAL REQUInED

i i|

".

• cos $ , ....
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CO_IGURATIO:_ OPT20:; 3F

GSE DE$CI.;IT_IO':8}!EE_

Trans._rter : 183
ITA!.,'_:: ___ ...... EO.UI_.t_:T 110..

FUI_CTIO._AL RE._.UIR_._L_(S) :

To give horizontal support and ._rovide mobility to the
' | _ " ' i | _ n , i I

enviro:_, entally protocted Tu_ with a secondary capability for
J i i

. " roll and nccess.

Er_UI_'EI;T DI_CRIPTIO_T:

i i n i, [ n . n n n i i_

A S_turn $I'_ transporter modified to incor._or._te Saturn

I_orkshop running geo_" and for provision of Tung compatSble
, i • i i i i i

cradles,

.i i n m _ |,

CO_T I'.E'_ UZ.;IT: $ 10,000

$  5,ooo

"(D';-'_IGN" A_iD DE'¢ELOP;.[I,]iiT)

(_ECURRTT,'O/UI_IT)

E_UIP!IE_;T CATEGORY:

IST YEAR REQ' D

E_U IP;._EI_TUTIL_ ZATIOI!:

FUI;CTIO':AL

)'LO_;BLOCK

I{UI._,ER

Y_)DIFIED 20_. AS IS 80_/,

I_.'B,-ER AVAIIABLE
i

LOCATIO.'! i_l_.fl'_E._

R_QUIRED RD_.UIRED

1.1._

1.1.2.1

1.1._5

_.l.h

IOBO

nL



Z

_j



CO]_IPIGURATIOII OPTZO_!

GSE DESCRIPTION SHEET

N3tME: UMBILICAL SXSTE_4 , , , BqUIR4E_IT }lO. .185

IeUIICTIONAT. R]_,,.UIREI4EI_(. e, ):

Connect test and checkout equipment to vehicle
= _,, i

.used for post flight saflng.

or to orbiter umbilical. A].601

u ] i i i IR ii

II

II I n lii i i il •

EQUIPM.FINT DESCRIPTION: "

Orbiter-half dSsconneets, ground-half disconnects (t1" different from orblter-
ii liB i i i

half), and hoses.
i i i w | | i ii • mm

---- i i n il in i i i i in in

] ii

CO_T $, , Z,O0,O00 .. ,, (nBszoz_ _fD DEVEWP_T)

po:.ooo (_z_o/_._)

EqUIPMEI_T CAT=_,OR¥:

NEW _ MODIFIED AS IS ....

IST TEAR REQ' D ,

EQUIPITEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

lol. P
al

2.3.2.2
i

'2.3.9 :"

2.5.2

is m

in m

TOTAL RE_UIPJ.I)

NUMBER AVAILABLE
i l • i i :

LOCATION

R_UIRED

'.°

-.'wz'e(_unch pae)

man i

1

1

ml

_. °

i

i

!

I

TOTALcosz $ 5o,ooo

- :1}50;

.79 ,



GSE DESC}:I}_TiON SHE_

CONFIGURATI_ OPTION

NAME: SIMULATION FLIGHT TEST COMPUTER PROGRAM E_UII_4F_:TNO. 301
l i m r

FUnCTIOr_AI. RE_UIR_4EL'T(S ):

Simulated flight test (integrated system test) verifies Orbiter and

Tug operate as a system. Verifies all interfaces in a simulated flight
i

mode approximate h0K.
__ml i i

.... | | , , •

EqUI_T DESCRIPTION:

_agnetic tape or disk, listing and test procedure.

dewllopment software to final confi_ration.
i ,m ,|

Delta cost for
i

COST PER UNIT:

zquxm4n;._ CATEGORY:

$ 89,250 (NON-RECURRING)

$ 30o000 (RECURRINC)

NEW
im ,

IST YEAR REQ' D

F._UIP_4EI_T UTILIZATIOI_:

rU};CTIO_;AL

FLOW BLOCK

I_3MBER

2.3.9

2.1_.1

2.&.3

MODIFIED

_ NU_B'h_ A",'AIIABLE

rAS IS

LOCATIO._;

RF_UIRED

MCF KSC

MCF WTR

Factory

1

1

1

.o

i I

TOTAL REO.UI_ED
3

TOTAL COST $ i19,250



CONFIGURATIOROPTZON3F
i i

GSE DESCI_I_T[ON SH_

GROUI(D CHECKOUTTUG PROCESSING FACILITY 30_
NAME: COMPUTER PROGRAMS EqUIRIFRT NO.

i,m i i il i l

FUNCTIO_iAL REC.UIR_._T_ (S):

Instrumentation system calibration & test, All system teat. Subsystems test

(used on long storage Tugs) Programs for ACPS• engine gimballing (sterring),

propulsion - pressurization• propellant utilization, engine electronics, and

, | l, • -

guidance Navigation and control,
-- i , ,i i

_UIPMENT DESCR IPTI 0_:

Magnetic tape or disk• listing• and teat procedure.
_ i i i L i ii i i i in| i m

181 approximate memory

instructions. Propellant utilization 6K• APCS 2OK• engine gimballing 20K,

propulsion _0K• GN&C 15K• instrumentation system test and control 35X• all system

teat hSK. Delta cost for software modification to final configuration.

COST PER UI';IT: $ 200,000

|.x aAX

EQUII_.',_;TCATEGORY:

NE_
.., , |

MODIFIED
X

AS

IST YEAR REQ' D
i .|

h_m_ AVAI IABLE

EQUI_4EI_T UTILIZATION:

I_J}_CTIO_;AL

FLOW BLOCK

_24BER

1.1.8.9

LOCATION

RF/_UIRED

KSC I

WTR
i

Factory

1
i ill

1
i

TOTAL REQUIRP_ 3 .TOTAL COST $ e_9,800

$



NA._:

FVT GSE DESCFT.PTION $HF._

WBS 32A-07-01

TEST SOFTWARE COMPUTER PROGRAMS EQ.UI_.|EWITNO.
i

311

FUNCTIONAL •RE_.UIRE_4EhT(S):

Test software to control the propulsion test vehicle testing in J_
ii

test cell at AEDC for static firing.
n, i

E_UIR_ENT DESCRIPTIO_T:

M_netic tape or disk, listing, and test procedure. (See attachment)

COST PF_ UNIT: $ 31,1_O

-0-

EQUIH.;ENT CATEGORY:

MODIFIED X AS IS

IST YEAR REQ' D NU_,'BERAVATIABLE

EQUIP;._EX_TUTILIZATION :

FUNCTIO_;AL

FLOW BLOCK
N_24_ER

LOCATION

RE0.UIRED

Nt_4BER

REQUIRED

•AEDC J_ Test Cell

_. __ ,

|, ,,

TOTAL REQUIRED 1 TOTAL COST $ 31.1ho



ii.i0 Appendix F Facillt¥ Desc_Iptlo_ Sheets



FACILITY DESCRIPTION SI_

MAME TUG PROCESSING FACILITY .... LOCATION, KSC
| i| i

FUNCTIONAL PURPOSE:

;£ central and integrated facility for implementing .t_he require d inspection , CO

and M&R operations of the _ and ,fro" Tug/SC mating... The. facility wlll provide

s_%orage for a .m,._.im.um..o.f i2 vehicles and,,wo, rk space to permit processing. ,2 vehicles

_n parallel. Space will b e provided for. .st°ra_e of required_ spares_ for a LOX. cle_

ro_ and for administrative, Q'C., and er_tneertr_q offices, as required. A clos
g i i . l . • i in i i i

100K clean envlro_nent will be maintained In all but office areas of the building.
i m , . ,. i , • i I In i

FACILITY DESIGN: First floor
of KSC-MT-3 5

FLO R DD :S!O S X

PUtXIMUM CEILING HEIGHT 9_

shop half
O_C Bldg

|.

FTe

TYPE

(AREA = 160o000 _,I'T2)

CLEANLII_ESS LEVEL REQUIRED 100,000 (Except office areas)

SECURITY REQUIRED X YES , , NO

FACILITY CATEGORY:

NEW

FACILITY COST:

MODIFI_) 5_

500. O()O (NON-RECURRIITG)

(RECURRING/YEAR)

,sis

IST CALENDAR YEAR FACILITY RE0.UIRED IS

TOTAL FACILITY COST IS $
llill e





i"

FACILITY DESCRIPTION _S_T

LOCATION KSC
: i i ii i

FURL_IONAL PURPOSE:

a faCillt_ to lap1ezentand maintainseeurlt_for thoseo_ratlons requiredto__

prepare DOD Space Craft for mating with Tug. The faeilitT, will provide a elas_

10_ clean enTiror_ent for all areas except that space required for ag_/ntstrati¢_

Q.C., and engtneerinw offices.
|i i i , . ii i| | ,. | i i Hi i! J i , _,_

FACILITY DESIGN:

FLOOR DIMENSIONS 100 _T. X 150 FT.

Hook .ZZOST 6_ _.

C_,ESS LEVEL RE(_UIRED

SECLmlTY REqUI'RED

loo_ooo

(_ = zp,ooo ._2)

x YES NO

FACILITY CATEGORY:

NEW X MODIFIED ASIS

FACILITY COST:

t., poo,ooo

t

IST CALENDAR YEAR FACILITY R_0.UIRED IS

TOTAL FACILITY COST IS $



,;1 ,;Z

0
..J
>-

Q.



FACILITY DESCRIPTION SleET

NAME PATLOAD PROCESSING FACILITY
|| i| lira i i

L

i it ii
LOCATION WTR

i ill , ,.

/

FUWCTIONAL PURPOSE:

£ central and integrated facility for implementing the required inspection, CO
_ , w,u iq im | i • ,m , ll| ii i •

Led M&R operations of the Tu_ and for Tug/SC mating. The facility will provide
-- _ .... , ] , _ i , ..... i --

_rk space to permit processing and/or storqe for 2 vehicles. Space rill be
....... i i i i - _ _ i i i • i• i i i ii i ,

prodded for storage of required spares, for a LOX clean room and for a_atnistratl_e_
m | H | i | i i i

Q.C., and engineering offices as required. A class 100K clean enTlro_ent will be

_ntalned in all but office areas of the building.
ii i i i a , i , i i i• m . i

15o X 20.o.- FT.

WPS

 o.ooQ

CEILING HEIGHT 6_ FT.

CLEANLINESS LEVEL REO_UIRED 100,000 ,(EXCEPT OFFICE AREAS)

SECURITY REO.UIRED X YES NO

FACILITY CATEGORY:

NEW X MODIFI_D ,sis

FACILITY COST:

__ 750.000

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $



w
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I
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'FACILITY DESCRIFrION SHEET

.LOCATION ESC -

Ft_CTIONAL PURPOSE:

The MCF w$11 be modified/designed to provide Tug requirements for floor space to

&ecom_odate , I.F. verification and for & Control Center link.
- • , ,, i i ii i

i i i i i i ,1 • ii ii i • i

FACILITY DESIGN:

FLOOR DIMEN.S_7ONS FT. X

MAXIMUM CEILIHG HEIGHT

CLEANLINESS LEVEL REQ.UIRED

SECt_ITY RE,tIRED YES
|,,i i

TYPE
i

FT. (AREA -

HO
ii I

I iii

_ 2)

FACILITY CATEGORY:

FACILITY C06T:

MODIFIED

t io,ooo

_'_ = ,i ii | ,i

X
i , J

(HON-RECURRD_G)

( .e RRI O/YnR)

ABIB

'o

IST CALENDAR YEAR FACILITY REQ.UIRED IS

TOTAL FACILITY COST IS $
: , H • i

i is



FACILZ_f DESCRIPTION $1_

FUNCTIONAL PURPOSE:

The NCY vi11 be nod.1_tedldeslgned to provide _ requ:Lrenents fox-
i i i , ,

aceom,>date, I.F. verification and for a Control Center link.
-- u I I IL • mm

mnlm I • I I I m

floor sp_ce 1;o

I m • i m

FACILITY DESIGN:

FLOOR DIMENSIONS

_?JM C-_Lir_ HEIGHT

c L .ms CEW .

SECURITY RE_IRED

_T.X _Te

FT.

YES

i I mlm

(AREA =

NO
i I

i ii i

2)

FACILITY CATEGORY:

NEM,, . MODIFIH) X ASIS

FACILITY COST:

10,000

_ST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $



FACILITY DESCRIPTIONSHEET

NAME LAUNCHS_VICE STRUCTURE (LAUNCH PAD) LOCATION ESC
L |i i ....

Y_NCTIO_L PURPOSE'.

two.Service Towers will b?. modified/desi_ned to _roTid e access to the. T_ in

the Shuttle payload bay; Tug propellant 10ad , _unp, ..and yen.t, eal_bility; _, ....

power, and coBBunic_tion systems and space to store Tug pe .culil.r, GSZ !t point of

i , l! m i i • J, i , i i , i, i i ii i i i ii

FACILITY DESIGN: T_E
i

MAXIMUM CEILING HEIGHT FT.

CLEANLINESS LEVEL RI_UIRED __

SECURITY REQUIRED YES .. ., ,NO

FT. (AREA -

. all

.....

FACILITY CATEGORY:

MODIFI_D X AS ISLT_

FACILITY COST:

, 35o.o0o (NON-RECURRInG)

(RI_URRING/TFAR)

1ST CALENDAR YEAR FACILITY R_D,UIRED IS

TOTAL FACILITY COST IS $....



.?

FACILITY DESCRIPTION Sl_]_

WTR

FUNCTIONAL PURPOSE:

The Service Towers will be modified/designed to provide access to the Tug in the
i i I m

Shuttle payload bay; Tug propellant load, dump, and vent oapahillty; Kas, power,
ii ii i i in

and oommUnication systems and else to store Tug pecul£ar GSE at point of use.
i i n i i | i • i i ii i --

j • |1 i

FACILITY DESIGN:

FLOOR DIME_.SZONS

_IMUM CEILING ,h_IGHT

CLEANLI_ESS LEVEL REQUIRED

SECURITY REQUIRED '

s i i i i i

T/FE

x FT. (ARn - iT s)
o

i m • i

YES NO
i i i

FACILITY CATEGORY:

MODIFID X ASI8

FACILITY COST:

$ 350.000 .... (NOH-RECtmRD_G)

(RECURRING JTEAR )

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $ ..



FACILITY DESCRIPTION8HEE_

NAME LAINCH CONTROL CI_TER LOCATION KSC
ii i i i * I i •

I_JNCTIONAL PURPOSE:

The Launch Control Center shall be modified to provide & secure room for DOD
i i i i, m -- _ • • .i

space craft.
- ,si, ii • • . , i , i ,l . . i .-- ,..

.......... ii i i i i . i i i' •

.._l ii

FACILITY DESIGN: TTPE
| s

_DO_R DIME_.S!ONS PT. X FT. (AREA =
=i i ,. m.

klAXIMUM CEILING HEIGHT FT.

CLEANLINESS LEVEL REq,UIRED

SECURITT REO.UIRED YES NO

FT )

IeACILITY CATEGORY:

NEW
e

MODIFIED X AS IS

FACILITY COST:

zo,,.ooo

i i i l, •

IST CALENDAR YEAR ?ACILITY REQUIRED IS

TOTAL FACILITY COST IS $

!
• "



.F&CILIT'f DESCRIPTION SHEE_

_RE L_NCK C0FmOLc_em LOC_Oa _a
u i J i i . • i

,,

FUNCTIONAL PURPOSE:

qq_ Ls,.,_ Control Center e h-11 be rood,tried to prov,ide a secure_room, for. DOD

m n i ill i. i i i i i

A_

i

FACILITY DESIGN:

FLOOR DIMENSIONS

FAa-'IMt_C_TLING HEIGHT

CLEANLINESS LEVEL RE_.UIRED

SECURITY RE_JIRED

i ili I is i i

I

_. {AsP - ,, , _2)IT.X

_T8

I

YES NO

FACILITY CATEGORY:

NEW
i iin i

MODIFIH) Y *SIS

FACILITY COST:

-0-

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $..



°
o

FACILITY DESCRIPTION 8HE_ ..j

FUNCTIONAL PURPOSE:

_s, power, and eo_uni=atton requtreBem_8.
_r- i i|,q .ll i i ilu

i • m , i i k I I

FACILITY DESIGN:

FLOOR DIMENSZONS

Pt_CIMU_ CEILING HEIGHT

CLEANLINESS LEVEL REQUIRED __

SECURITY RD_IRED

Tn_
i

]pr. X FT. (AREA m

I_ITo

YES NO

FACILITY CATEGORY:

MODIFIED X AS. IS

FACILITY COST:

-0-

i

IST CALENDAR YEAR FACILITY RID.UIRED TS

TOTAL FACILITY C0ST IS

o



FACILITY DESCRIPTION SHEET

NAME ,8_JTTLE S_G FACILITf . . LOCATION WTR

FINCTIONAL I_JRPOSE:

Tug gu. pover, and _:loe, t.ion requ:£r,,i,,eats.
am I ell I It liil

i- ,| , , |,,, i | ,, i| • • • it ill i ii _

, is ,! in , ,, .......... i i ,1 i , ,

_ i ii . i _ i ii i i i1[i i L i

FACILITY DESIGN:

FLOOR DIMEHS_TONS

MAXIMUM C_ HE_

TER_
ii ill i

CLF_LI_ESS LEWL nmu_D

smiTY Rmvmm

_T6

l ii

• _'s No

FACILITY CATEGORY:

NEW
t t L , ,

MODIFI_ X
• , it

*SIS

FACILITY COST:

.L-o- (aOa-RE_m_D;G)

#_ (_RINO/TFAR)

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $, .

[ ii



YACILITY DESCRIPTION SHEE_
¢

8TORAN_ PRO_ZlLA_ YACILITT LOCATION EIE
i l iii I iii i I

FtWCTIONAL PURPOSE:

_ will provide space for mobile GSE used, in p z_pellm_.t. Ito_e _d tralm-
I tm

f_r operations for T_ pod, separate tank or intesral AF8 system.
,. , r I ii I |lm I

,m.. I I I I I I I I I

• -_.11 , I i I II | II i i IIII i I I|1 I II I

_1 _ ii i, i i i ill ii i i i i I i • i ilia i Jam ii

m ,i , i | i i i i i

?AC I'LITY DESIGN:

_q_M CEILING HEIGHT ,30

CLEANLI)4ESS LEVEL REQUIRED

SaCWITY REC_IRED

_Te

iii

i I ii sm ii i i ii ii ii i i i I I

| | I I I

, FT. (AREA -5000 . PT R)

FACILITY CATEGORY:

FEW
J i

MODIFIED x
I ii i|

ASI8

FACILITY COST:

(aON-HE 'RR G)

(RECURRING/TEAR)

IST CALENDAR YEAR FACILITY RE0.UIRED IS

TOTAL FACILITY COST IS $ .
l



FACILITY DESCRIPTION SHEm'

| ii • . =L I

LOCi'ION _'a
i ii i I L

_e

FINCTIONAL PURPOSE:

The SPY wi .11. provide space for mobile GSE used in _roDellant storage and transfe;

ooerations ,,fo,r Tu¢ ,'nod_ separate tank or i nte_Tal APS mteBs.

FACILITY DESIGN: TYPE
I • i

_. x zoo _'T. (_n - .. ,._2)FLOOR DTMENS!ONS ,

MAXIMUM CEILING HEIGHT 39 .....rr.

CLEANLIHESS LEVEL REC_UIRED ,
i

SECURITY RE_JIRED YES NO

FACILITY CATEGORY:

MODIFIED X ASIS

FACILITY COST:

(aox-_cu_zzza)

(RECURRING/YEAR)

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $

F--t7



FACILITY DESCR1'PTIOM 8HEE_

lAME V_TICAL ASSEMBLY BUILDING _ LOC_IOa.__

F_GTIO_IAL PURPOSE:

VAB ,will be mod.l.tied as re_uired.,,to integrate _ £mlte.1.1.

peeul£ar t_o Tug requirements for monitortn8 storable propellantm.

w,, , , n

mm n nun

im liB

_ACILITY DESIGN: TITE

FLOOR DIMEI{S!ONS PT. X

_--_M CEILING HEIGHT

FT. (AREA-

_Te

CLEANLII_ESS LEVEL REQUIRED
iii ill |

SECURIT_ REQUIRED YES NO
- LHBI

FACILITY CATEGORY:

NEW
i

MODIFI_ X *SIS

FACILITY COST:

(NON-RECURRII_G)

(RE.CORRING/TFAR)
L i •

18'I'CALENDAR YEAR FACILITY REQ.UIREDIS

T_TAL FACILITY COST IS $....



FACILITY DESCRIPTION 8HEE_

•Am .......VZ_ZCALAssm4m,_mJZLD_O ......LOCATION
ill ii

FWICTIONAL PURPOSE:

The,, YAB will be designed as required ' to Integrate and install,GSE Decul!_ar

to Tug requlrement.s .for monitoring, storable PrOPellants: .........

n • n I nnnm,m m, = = .... i rJ

n .| I ni . , ,-- " m,, • u ,nnnI uu| ,

FACILITY DESIGN:

FLOOR D_S!ONS _T. X

_J_4 CEILING ,,.-._.,.,,,.

,/

.--_.:

CLEANLIHESS LEVEL REQUIRED

SECURITY REqUIRED "

n n m. ,

ill.

FT, (AR_A. _2)

NO

FACILITY CATEGORY:

NEW MODIFIED X A_XS

FACILITY COST:

IST CALENDAR YEAR FACILITY REO.UIRED IS .... i

TOTAL FACILITY COST IS $_



m

FACILI_ DESCRIPTION SHE_

sam n_oa v.Ac_v_ _sr rAczLrn (_557)

"p. .

FUNCTIONAL PURPOSE:

Conduct thermal testing.
. • i i i i i i

LOCATION Huntsville, Ala

/

m i , i i! | iu . ii ] i ii

FACTLITY DESIGN:

FLO_R DIM]_.S!ONS _T.X ,m

FT.MAXIMUM CEILING HEIGHT

CLEANLINESS LEVEL REQUIRED ....

SECURITY REQUIRED YES NO
_mmmamammammp

FACILITY CATEGORY:

NEW MODIFIED ASIS

FACILITY COST:

NASA -O...

• DOD $ 2_0,,000 (NON-RECURRIIIG )

(RECURRING/YFAR)

IST CALENDAR YEAR FACILITY REO.UIRED IS

TOTAL FACILITY COST IS

. t
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FACILITY DESCRIPTION SHEET

FUNCTIONAL PURPOSE:

Cc_nam.c.'CP'rV tests.
i i i nn | ul n I| m . I |

LOCATION_ABDC: _1_ o _.

_ .| n nm i

n , L . n ii • • , •

. • : -- _ - i i i ii ,] ii i I i I i i I

2YPB
|| I I , , • _

FACILITY DESIGN:

FLO_R DIME_SZORS PT. X
J

_XI_M CEILING h_IGHT
n

CLEANLINESS LEVEL REQUIRED

SECURITY RE_IRED

i ,

._'T.

_lTe

n ml i i|

YES

-.__._,

FACILITY CATEGORY:

NEW MODIFII_ ASD3

FACILITY COST:

NASA $1,250,000
S -o-

i n , n n!u

IST CALENDAR YEAR FACILITY REQUIRED I8

TOTAL FACILITY COST IS $ ........

t



12.0 _radeoffs and Sensitivities

This section contains specific tradeoffs and sensitivities as specified in the

Data D_p Outline. Also included are additional data in section 12.7, "Other

Sensitivities" which provide further information in selected trade studies.



12.1 Velocity Package Sizing

Because of their high energy requ/rements, only the planetary missions are

candidates for using a large kick stage. The requirements for these Ktuions

are shown in Table 12.1-1. Only misstions 17 and 18 can be flown in a fully

reusable mode. The other missions, 19 through 2_, would require either flying

the Tug in an expendable mode or, if possible, flying the Tug reusable with an

expendable kick stage.

A schematic mission profile using a kick stage is shown in Figure 12.1-1. The

Tug burns into an initial phasing orbit,_ and then slightly before perigee

does a second burn into an intermediate orbit ,_ The use of a phasing orbit

is two-fold. It not only allows for minor timing adjustments, it affects a two

burn departure which significantly reduces gravitational losses. Shortly after

this burn the Tug separates from the kick stage-payload,_. The Tug then retros

into a return orbit with a perigee near Shuttle rendezvous altitude,@, This is

necessary on all missions, even though in some cases the Tug has not reached

escape velocity, because the period of the orbit without retro exceeds Tug

mission duration capability. After deployment from the Tug, once sufficient

separation has been achieved the kick stage is fired,_ sending the payload

into an interplanetary solar orbit.

Using this mission profile the performance of the Tug/kick stage combination,

over a range of kick stage sizes was determined. The Tug was flown off loaded,

such that the combined weight of the Tug-kick stage-payload did not exceed the

Shuttle deployment capability (including ancillary Tug equipment left in the

Shuttle). The kick stage performance was based on Isp and A'valves consistent

with current state of the art solid rocket motor stages. This performance is

shown on Figure 12.1-2 for the missions of interest. By comparing the perfor-

mance with the current design payload weights shown in the previous table, it

can be seen that missions 22 and 2h are unobtainable over the entire range of

kick stage weights. The other missions are achievable over the range of sizes,

except for a small portion of mission 23.

IZ -7-
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Because of the strong emphasis on low costs, especially DDT_E, there was high"

motivation to find an existing stage within this _size class. Performance alone

was not the criteria for selection and other constraints had to be applied.

These were stage length and thrust/time characteristics of the motor. The

combined length of the Tug-kick stage-payload could not exceed 60 feet and

peak longitudinal accelerations could not exceed 3.5 g's.

The only existing stage that came close to satisfying all the requirements was

the Polaris A3 second stage. Its performance was adequate, it satisfied the

length constraints and required only minor modifications to meet the thrust

limitations •

Option 3I requires the use of a kick stage on one flight of DOD mission lla.

The Polaris is veil above optimum size for this mission, but can be flown in

a non-optimum trajectory to satisfy the mission. This mode was chosen rather

than procuring an additional smaller kick stage because it would be cheaper to

buy one more Polaris than to integrate a different additional kick stage into

the program.



12.2 Fu_endabZe Tul _. TuK 0n-Orblt Assembly

The basic Option 3 progr_a involves expending 8 TuGs (_ of Initial and _ of

Final Configuration) in the performance of 8 interplanetary mlsslons (NASA 22:

and 2_). Conslderltioa of Qslng two Tu6_ to provide sufficient energy to

perform the missions was made. With the Option 3 Initial Configuration signlD!-

cant modi_eati_s to the vehicle are required sinee it is limited in duration,

has no docking eapability and has no inter-ste_e structure. In the Final

Configuration one7 the inter-sta_e structure needs to be added. Table 12.2-1

shows the coaparison of the cost impact of adding these capabilities and the

i_e_t on the total program eosts, The DDT&E costs assoetated with rendezvous

and docking and extending duration already are necessary in the Final Configu-

ration so the only impact in DDT&E would be the cost of the inter-stage and

the moving of about _0 _lltons from the final configuration to the initial

configuration. DDT&E.

From the data presented in the Table it was concluded that the expendable mode

was more cost effectiw.
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12.3 Multiple Deployment Analysis

12.3.1 Mission Accomplishment Impact

A major advantage of the 8T8 over current expendable systems is the capabilit$

of deploying several payloads in different orbital positions. In the basic ,_,

option 3 progrsl multi-deployments were used with both the initial and final

donfi_rations. If the configurations were allowed to deploy only one pay -_

load per mission, the number of flights would in@tease by 56 over the 11 year

progrea (assuming that retrieval was allowed in conjunction with a deployment).

The 56 flights would increase the program cost by about $6_5 millions in

operations and production by about $16 millions.



12.3.2 Multiple Pqload Delivez7 Options

lq4u:e t _._, Z - J sum•rises seve_sl nmlttpqlosd support concepts. Th£8

o_tpeztson vu done at the conc_ level on17 as the definition of ps:v-

load support was not ineluAed in the Space _'ug,S_rs_ms 8tudor.

The a/nimn adaptor structure was defined for the TandeR stack aoneept. This

az_a_memt ban the greatest /repast on payload mtructure beeauae the lover

lS_loeds nnet support the csn_tlevered loads of t_e forvard p_loads.

The second option, parallel payloads, minimizes the payload strue_arsl

ta_scts but 8everel_ eon_trstu the payload dteaeter8.

The third option grossly ooapll_&tes the T_/Shuttle interfaoe by ore&t£:_

• 8huttle/p_load interface.

The final option, vhieh is the preferred option, utilises a retractable

(oollapsible) support truss. After the forvard p_loa4 is deployed, the

square frame portion of the support truss is expsaded (enlarged) and the

frmae is folded back sgslnst the succeeding fremet expost_ the next pe_load

for deploy:ent. This is repeated after each deploy:ent. A detailed description

of • sl:tlar mechantm used to enlezge the square free is given in Vohme V

See•ton _.3 in • discussion o_ an autc_attc variable dlmeeter doektn_ systea.

The _Z/_ for this syste: i8 estteated to be at least equal to that of the

doektn_ 8_te: or approx_aattl_ _ atllton.
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12._ Autonomy Sensitivities

12.4.1 Program Variation Identification and Sensitivity Summary

The Tug defined for Option 3F provides the capabilities associated with autonom_

level IIl. This analysis addresses the sensitivity to other autonomy levels.

The various autonomy levels are defined as follows:

AOTONO_.XY LEVEL IV

o All phases are controlled from the ground.

A portion of the mission control/sequencing is under ground control.

Powered flight, contingencies and non-ground coverage control/sequencing

will still be implemented on board. The ground basically has extensive

on board program load/updating capability.

o Calculations are performed primarily on the ground (such as main burn and

midcourse - duration and direction).

All calculations that can feasibly be performed on the ground have

been removed from the on board software. The ground is responsible

for vehicle attitude update (utilizing on board star tracker measure-

ments), targeting to determine AV required/burn time, tug position/

velocity update during coast and possibly some redundancy management

during coast.

o Ground will control final rendezvous and docking.

The acquisition guidance, closure guidance, and docking guidance will

be performed under ground control. Laser radar data (if applicable)

will be filtered on board.

NOTE: There is a potential problem transmitting TV data on DOD

missions due to the security requirement.

o Co_,nand and Telemetry Capability

The ground (or Orbiter) will have the capability of transmitting

real time hardwire uplink conunands. This capability will be relatively

constant for all autonomy levels since it is almost independent of

flight software. All vehicles will transmit TM data.

In addition the capability for around update of on board application

programs will also not be a function of autonomy level, but the need

/2-/2
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(or requirement) for such an update will be a function of autono_:_

level.

At_fONOMY LEVEL III _

o Ground stations provide state update during entire mission.

The ground stations will determine vehicle position/velocity and

update the flight software. The vehicle attitude update is handl_ed

on board.

o Onboard calculations are performed for mission completion.

All mission control/sequencing required to complete the nominal

mission is resident in the on board software. The ground will have

override capability via the uplink. In addition, the targeting

function is carried on board. Targeting is the capability of updatin6

the AV/burn time based on a predetermined mission.

o Final rendezvous is made by on board capability.

The target acquisition and closure guidance are performed on board.

Radar data processing is performed on board.

o Final docking with ground support.

The docking guidance is provided by the ground.

o Command and telemetry capability.

Same as autonomy Level IV.

AUTONO]._ LEVEL II

o Ground or navigation satellite beacons (either must serve multiple users

are acceptable.

o Level I autonomy will be required for those orbits where ground or

satellite beacons do not provide satisfactory state determination.

o Final on board rendezvous and docking capability.

Same as Level I

o Command uplink override capability including payload status, redirectio

and retargeting of mission with telemetry down link.

Mission planning capability is added to the on board software. The

/2-/3



mission planning software will accept new target ephemerous/mission

definition and determine a mission plan (i.e., number of burns, AV's,

time, location, etc.).

_AUTONOMYL v .LI

o Completely independent of any man made inputs after separation.

All nominal mission control/sequencing is performed on board. The

vehicle is capable of sutonomous state (Pos/Vel/Att) update independent

of any ground navigation aids. All capabilities in Level III are

also included in Level I.

o On board measurements and calculations enable missions to be completed

in its entirety including all Tug and payload operations.

Payload checkout/commanding is accomplished with vehicle software

independent of required ground control although ground override capa-

bility can be provided. This requirement adds payload upllnk/downllnk

T_4 equipment to the Tug.

o Final onboard rendezvous and docking capability

All phases of rendezvous guidance are controlled via the on board

software. All sensor data is processed on board.

o Command uplink override capability and telemetry down link.

Same as other levels.

k

The sensitivities to the various autonomy levels are shown in Table 12.4-1.

Autonomy Level IV results in a $7.61 million reduction in program cost with no

impact on vehicle performance. Other autonomy levels result in increased cost

and decreased performance. A cost breakdown is summarized in Table 12.4-2.

The savings in program cost for Level IV autonomy results from the decrease in

DDT&E and operations cost. This result is significantly different from the

direct developed tugs in which autonomy level IV was the lowest total cost.

This difference results in a phased program because DDT&E cost for both level

III and IV is incurred in a phased program whereas either level III or IV

•

DDT&E cost is incurred in a direct developed program,
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Assumptions/Ground Rules

• As a minimum all autonomy levels require onboard redundancy management durin 8

powered flight. Since the reaction time required to switch redundant units

during coast periods is less critical, redundancy management function peculiar

to this phase could possibly be ground controlled. ._

For the higher autonomy levels (II & I), automatic payload checkout capability

is added to the Tug Data Management subsystem since the vehicle may be out of

contact with the ground during payload deployment.

The command override via the uplink will be implemented by one of the following

methods; real time hardwire commands, real time software commands, program update,

and new program load. The real time hardwire commands bypass the onboard computer

and control the component directly. These commands are safety in nature and can

be transmitted from the ground or Orbiter. The sender must account for the action

of the onboard software during these situations. The real time software commands

are executed via the onboard software. The capability of transmitting these

commends has therefore been pre-planned d_Aring the writing of the onboard software.

Commands that update the onboard software are similar to real time hardwire

commands since they require pre-planned logic, but they affect subsequent program

logic. These commands could load data required by the program, update existing

data, control program mode, set flags, store program commands, etc. The require-

ment for providing the capability of an orbit program modification is questionable

along with the implementation, so it will not be elaborated on here. The capabili_

of loading a new program could possibly be restricted to checkout programs limited

to a portion of the memory or to a complete onboard software load as the ultimate.

The real time hardwire command override capability as defined herein is not"

considered to be a function of autonomy level since its function is safing and

reinitialization of the tug _and this function is independent of autonomy level.

The requirement for real time software commands is analogous to the hardwire

commands and are also not a function of autonomy level.



° .

The requirements for program update data is a function of autonomy level although

the capability of providing it is not. The requirement for ground update are

reflected as changes in the application program estimates.

Program modification/load commands are not considered a function of autonomy

even though they infer a level of ground support.

During powered flight the guidance (steering), flight control, stats (attitude/

position/velocity) determination, and subsystem control/redundancy management will

be performed onboard. It is not considered feasible to perform these functions

on the ground.

12.4.2 Confisuration Variations

o Structures" no impact

o Propulsion - no impact

o Avionics

Data Management Subsystem

Table 12._-3 summarizes the software requirements for the various autonomy levels.

The baseline system uses a two 16 bit control computer with 24.000 words of

storage. Decreasing the autonomy to level IV results in a reduction of 6125

words of storage. Because of the margin, a reduction of an 8K module from the

baseline computer is possible.

In addition to the software changes shown in Table 12.4-3, 3000 words of storage

are required for payload checkout in autonomy levels I and II.

For autonomy levels II and I two additional 16 bit-24K computers and Data

Interface units (DIU) are required to handle the increased computations and

maintain the same redundancy level. The resultant sensitivities are sumnarized

below.

Autonomy Level

IV II I

DDT&E (MS) -2.18 3.36 2.12

Weight (Lb) -2.0 _0 20

Power (Watts) Neg • 156 156
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Guidance Navigation and Control (GNC) Subsystem

A change in autonomy from l III to IV has no impact on the GNC. Increasing

autonomy to level I or ll requires the addition of a horizon sensor to perfor--

the autonomous navigation function. Because of the more frequent stellar up_a*.es

required for the autonomous navigation, a gimballed star tracker is rec_ended

for autonomy levels l & lI. The sensitivities are summarized below:

•DDT&E WEIGHT POWER

ITEM (MS) (_) (WATTS)

/ "

Horizon Sensor 2.5_ i0 17

Gimballed 2.02 60 . 60
Star Tracker

_.56 70 77

Communication Subsystem

Autonomy levels I and II require additional communication equipment for payload

checkout. This capability is provided by both hardwire and an RF link to the

payload. The latter capability is requested to checkout portions of the payload

equipment which can not be accomplished while the payload is attached to the Tug.

A summary of the communication subsystem impacts are summarized below. There

is no communication sensitivities associated with autonomy level IV.

DDT&E WEIGHT POWER

_D ITEM (_$) (LB) (WATTS)
J

Payload Interro- _.79 37 22 _ _"
gator ,_ .....

....................... _ ...... ". ,. . "; _. ......... ..o ."
°.

Power Subsystem

The added power requirements for autonomy levels I and II are summarized below.

Subsystem End Item Power (Watts)

DMS 2 Computers 156

GNC Horizon Sensor i0

GNC 2 Gimballed Star Trackers 60

(in place of 2 strapdown)

Payload Interrogation

Equipment

Comm 22

The weight increase to accommodate this power increase is 49.5 ib which

includes reactants and tankage. Cost increase is negligible.

/2-2-..@ '
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12. _. 3 Weights apd Performance

The increase in vehicle weight and decrease in pa_load deployment associated with

auton_ levels I and II is summarized below. There is no significant weight

penalty associated with autonomy level IIl.

Subsystem En d Item

Vehicle Weight

Increase (Lb) _
Deployment Weight

Decrease (Lb) •

DMS Computer 32 86.4

_NS DIU 8 21.6

GNC Horizon Sensor 17 _5.9

GNC Gimballed Star Tracker 60 162.0

CGMM Payload Interrogation 37 99 •0

Equipment

FWR Reactants & Tankage _9.5 133.65

203.5 5_8.55



12._._ Operations Variations

Ground Operations

An increase to Autonomy Level IV results in a decrease in GSE software to check-

out the Data Management Subsystem. There are no hardware impacts. For the

higher autonomy levels (I and II) additional hardware is required to checkout

the horizon sensors used for autonomy navigation. In all cases, the change in

ground operations cost is negligible.

All system testing is accomplished via the Data Management system. The computer

time to test the additional hardware is negligible and has little or no impact

on launch operations. Our system and subsystem testing are go/no-go type tests.

The launch operations are sized to handle the Tug/Orbiter functions in the

time allocated for that function drive the number of personnel required at

the launch site. The higher autonomy has little or no impact on launch

operations since the launch personnel is available at the launch site, The

autonomy cost sensitivities are s=mnarized below.

AUTONOMY

IV IX l

SOITWA._ °0. _/I 1,_/1 d, _"/

HARDWARE O,O , z 2. ,2 z
,_ , ,,

OPERATIONS Xeg Neg Neg

- _, '/I. "/,_,3 _,7_



o, ,

• • .,.

OPTION 3

• •',.

• • "°.. • °

:, . .•. ,• %.,

.°

. ...Y*_O_ _ONS COS_.

• . • . . .

: ¸

01"3
°*

• . , •. .

• :.........:,... • • '; _.*

:i!::"(.:'.i::7":

operations costs vere deterstnui for each of q_e four a_onm_ level8

f_n I to IV, As shorn in _able I,. the a_ levels u arranged in

_astnK oz_er of autonmnT gotnK _ IV to XI, Tho mxtonon_ level IZ vas.

wmsidered the most._utonomous, of.the four levels tn_i_ted, The f3_Kht

opmmt£0ns costs vez_ div£ded 4n accordance vtth the _BS Breskdovn into reeuzTtnS

_s (Operat4ons Cos_ 32C).and non-recmn_ng costs (_Id_ Cost 32A) for each

of the four fight operations tasks of Mission F_ (M_S 320-11112-01),

]rZt_t ControZ (Ws 320-ZZlZ2-02), _._uatton (mS 320-111:t2-03), aria

YJU.s_ support So_e (320-_I_2-0_). .

An mdd£t£on_ £tem not Sne.Tuded tn the M_ Breakdovn c_l_ed unused time is 8_so

8houn in Table I. This 4teu 4nd_cates the cost for unused manhours result4n_

f_ keep4n_ a _ m£ss£on control crev at both a I_ASK and a DOD miss4on control

center. These _u=ed manhours decrees v_th increasing autonc_ level because

& 8_Ller trey ts requital for hiKher autonazous veh£cles. *

£g can be seen fZ_m the cost data of Table I the more autonomous the vehicle £'8

the hiKher the non-recurrSnK (DDT&E) costs. Also, it is shown that for the

ILIKher autonomous vehicles the re_ng (Operations) costs decrease. The

delta (A) costs sho_ in Table 12 ._-_ were determined using the present Option 3

vehicle autonomy level o_ TIT as a reference. Autonon_r level TV g_ves the

lowest FliKht Operations costs•

"°'I

. " . .,

o '•.: ,

. •'.

• •°. • .

• o



H _ t" _1 CO

c_ c_ o_ c_ o_ ', 0 •
u%

H
., E-4 8

H _J3

04 H _ O
I _ E-4 O

_ X



Since Option 3 is a phased program an autonomy IV vehicle was used for the

initial phase of the program and the final vehicle autonomy was varied from

IV to II. For the case of when an autonomy level IV is used for the final

vehicle the program does not have the 1.7 costs factor for phasing from one

configuration to another. Therefore, since an autonomy level IV initial

vehicle does not require additional DDT&E costs for phasing it becomes the

lowest cost configuration.

It is also obvious from the data given in Table I that had the higher autonomy

level final vehicles not used a phasing program the savings in both DDT&E and

Operations, costs would have shown that the higher autonomy level vehicles to

have much lower Flight Operations costs than the autonomy level IV vehicle.



12.5 Onboard/Shuttle Checkout Tradeoffs

The issue to be discussed in this section is the distribution of checkout

functions between the Tug/Shuttle when the Tug is in the payload bay. It is

currently envisioned that the Tug will be partially operational during the

boost phase. The D_ will be performing the initial navigation calculation

as well as monitorlnf subsystem status. Telemetry data will be accessed by

the DMS and transmitted to the Shuttle.

The navigation optical sensors, rendezvous/docking sensors, communication

transponders, and power sources will not be active during boost.

The vehicle control software will contain the fault detection/isolation

logic required to manage the subsystem redundancies, therefore the portion

of the Tug that is operational will be checked out in the normal process of

control. As an example the DMS computer will be periodically executin_

computer diagnostics as part of its normal control cycle. Prior to leaving

the payload bay a subset of the followinz checkout functions could conceivably

be performed.

i) Checkout of the non-active Tug LRU's (i.e., star tracker,

transponders, etc.)

2) LRU level fault isolation. This level of fault isolation

is not always required during the mission.

The checkout of the non-active LRU's could be accomplished by executing

Shuttle rcsident checkout programs, normal Tug control software, or Tug resi-

dent checkout programs.

The following general Tug/Shuttle operating concepts.are recommended:

I) Tug checkout will be accomplished by executinK the

normal Tug control software.

2) The Tu_ control software will perform fault detection but

will normally only isolate to the level at which the

redundant elements can be switched.

i

/2-2 



(NOTE: In some cases it may prove advantageous to isolate to

a lower level in order to increase the confidence level of

isolating a failure or to simplify the software required.)

3) The results of the Tug software fault detection/isolation

algorithms will be transmitted on the downlink.

b) Subsystem performance data will also be transmitted on

the downlink.

5) The Shuttle will have access to the Tug TM data and can

evaluate the Tug performance based on both a software and

operation interrogation of this data

6) The Shuttle can exercise the normal uplink control over

the Tug software.

7) Checkout routine other than those required for subsystem

control will be carried in the Shuttle and executed via

the proposed I _I Shuttle/Tug interface. This interface
z

would provide the Shuttle with parallel access to the Tug

command/control busses andtherefore must be closely

controlled. The need for this level of checkout is still

somewhat undefined at this time and needs further investiga-

tion. This capability is a candidate for phasing.

In summary it would appear that the majority, if not all of the required

TuB checkout software will be incorporated in the normal control software

and that the Shuttle will primarily monitor the Tug operation and exercls_

uplink control.

/2-2-7
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12.6 Dump Versus Land Full Abort

This trade study will address the features, characteristics, benefits, and

liabilities of the major choices to dump any or all of Tug cryogens versus

the choice to dump no Tug cryogens and to design the Tug to contain the

cryogens through a normal landing. The key basis of comparison will be the

payload weight penalty, including the fractional weight reduction impact on

payload capability from added Orbiter weight on either a geo-synchronous

deployment m_s.;ion or on a round-trip mission. The payload weight penalties

will be assessed against a hypothetical Tug design lacking ar_7 abort pro-

vicions. The weight differentuals or "deltas" will then be available to com-

pare these options. The suborbital abort mode III is used as reference for

this study due to the greater time constraints and greater significance in

ter_is of design impacts. Thus, a Tug designed to meet Suborbital Mode IIl

abort constr_int_ will meet all abort conditions, if the porting provisions

for orbital thrust-settled cryogen release are also provided.

The weight comparison resulting from this study and some key conclusions and

recommendations are shown in Table 12.6-1. The compelling conclusions which

lead to the selection of LO 2 dumping only are a payload weight reduction

penalty of 1,526 ib for land full, 449 ib for sequential dump of LO 2 and LH 2,

and 414 ib for simultaneous dumping of LO 2 and LH2_

In addition, the land full option, although is the most simple in terms of

flight operations; (i) imposes an unacceptable CG incompatibility for stable

aerodynamic flight and landing, (2) imposes serious safety questions during

return flight, landing and post-landing operations, and a major landing

abnormality or impact could seriously threaten the structural integrity and

result in ground safety hazards with both LH 2 and LO 2 on board.
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The return of LH2 alone in a pressure-vent-limited tank is considered an

acceptable ground safety risk for normal landing and the landing weight is

very low with LH2 on board. The Orbiter would be heavier by 43,000 lb or more

for a land-full condition. Moderately high landing g-forces or minor impacts

would not necessarily threaten Tug structural integrity nor ground crew safety.

The remaining risks of LH2 return are balanced against the probability of a

suborbital abort versus the larger possibility of an orbital abort, for which

LH 2 dumping either with or without Helium purging is planned. The final

argument is that containment of LH 2 at reduced pressure (18 psia or less) is an

inherently simpler and safer mode of operation then the more complex and con-

strained mode of LH 2 dumping below 400,000 ft in a fast return to launch site.

Option i - Dump LO 2 Only and Retain All of LH 2

This is the selected mode of operation, and is described in detail in Volume 5,

Sections 5.2.4.5 and 5.4. The time available for LO 2 dump is much greater than

required and can be initiated at any time after the abort decision is made.

Thus, the least time available is from T+251 to landing at T+1,241, less 60 sec

during _ECO and ET Jettison, or 930 sec. The benefits of early dumping in terms

of 43,000 ib of potential weight reduction and the resulting increase of Shuttle

AV were discussed in Section 6.4. A AV increase of 1.7% in an early abort

(T+IIS) or 0.4% in a late abort (T+251) are appreciable in terms of propor-

tionally extending the orbit-to-orbit thrust margin. It is also necessary to

dump at least 20% of the LO 2 before external tank Jettison and return to aero-

dynamic flight, due to CG constraints. Therefore, LO 2 dumping should be

initiated immediately after an abort decision is made.

Optign 2 - Land Full - No Cryogen Dumping

The primary factors for and against a land-full option were summarized above,

i
and the additional weight data is provided in Figure 12.6-2 in support



of the summary chart, Table 12.6-1, above. The weight impacts are chiefly

the result Of "beefing upt' the Tug tank and supporttn_ Tug structure, with

additional weight for horizontal fill and drain provisions for the LO2 tank.

The CG incompatibility for return flight and landing is a compelling factor

against a land-full option. A heavy payload or off-loading of the LO2 tank

would be necesnary to restore compatibility, but this would prevent accomplish-

ment of the round-trip and retrieval missions, and is therefore unacceptable.
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option - Bo,t LH2_

Two sub-options for L02 and LH2 dumping in a suborbital abort were identified

and discussed briefly in Volume 5, Section 2.4.5 with respoct to the I/_ 2 cryogen
/

handling options listed in Table 12.6-1. These are Option 3A - Sequential

Dumping of L02 and LH2 and Option 3B - Simultaneous DmnpinE of L02 and LH2.

The sequential dump option is the more difficult and the required analytic data

also provides for the simultaneous dump option. Both options will be discussed

and conclusions will be drawn for comparison. The payload weight penalties will

be developed and summarized with the Dump L02 only and the L_-ud Full options.

Optiou 3A.- Sequential _Dum_.ing of LO_ and LH__

Sequential dumping of both L02 and LH2 is most severely constrained by the time

available from the late abort decision (T+251) to 30 seconds prior to Main Engine

Cut off (_CO) and from 30 seconds after MECO until IIOK ft altitude is reached,

where LH2 dump tel_alnatlon is mandatory. This most constrained case will be

addressed to produce the abort hardware rcquirement for all Tu_ designs. The

abort trajectory which applies to the late Mode III abort case is shown in

Figure 12.6-1. The pertinent data is listed in Table 12.6-2.

Table 12.6-2

MISSION ABORT DATA

Mode Ill Abort - Suborbital

Easterly Mission with 65K ib total for Tug/Payload

Late Abort Decision

All events occur below tOOK ft in sensible atmosphere

Abort Start: T,251

Dump Initiation: T+251

Dump Termination: T+_30.9

Available Dump Time: 279.9 seconds (main engine operating)

_g_O, ET Jettison: T+560.9

Dump Initiation: T÷590.9

LH2 Dump Termination (IIOK ft): T+726 or earlier

Flight Altitude of 50K ft: T+986

Landlng: T+i2_i

Available Dump Time <135 seconds for LH2 during glide

Available Dump Time: 650 seconds for L02 or 515 seconds after LH2

/Z "53 Dump Termination
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i

Applying these time constraints to the data in Figures 12-2, -3, and -h, the

dump line size requirements are derived and listed in Table 12.6-3.

_i #

•,_le12.6-3 /

DUMP-LINE SIZE REQUIREMENTS

Time

lOO_ Dun_ Tu_ option _

135 Sec 1 5.4 Inch 4.7 Inch

2 5.9 5.0
3I 5.4 _.7

3F 5.6 4.9

280 Sec 1 3.9 3.4

2 _.3 3.7

3I 3.9 3.4

3F 4.0 3.5

515 Sec 1 3.0 2.6

2 3.3 2.8

3I 3.0 2.6

3F 3.1 2.7

650 Sec 1 2.7 2._
2 3.0 2,5
31 2.7 2.4

3F 2.8 2.5

Liquid oxygen can be dumped for a longer time than IJI2, essentially down &_,os%

to landing, and a 3.0-1nch llne spans all Tug options. Assume a 3-inch LOs

abort line is selected:

_Tu_Option Tim...__ee

• loo_ m_p (_2)

1 505 Seconds

2 632

3I 505

3F 530

From the late Mode III abort trajectory, the duration of Main Engine operation

is 280 seconds. With a 3-1nch LOs dump line, we can'dump 280/635 m _.1% of LO2.

Unporting need not occur to 50% of L0. dump, depending onNOTE:
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the 3-inch abort line port location and the +Z g-force during

thrust and heading reversal. The g-force trajectory profile

is shown in Figure 12.6-5. The greatest tilt of the gas/

liquid interface occurs at the start of abort with Nx = +i and

= +0.2. Tan @ = 11.4 ° . then the L02 abort line port must

be more than 16 inches aft of the side centerline to

prevent unporting at 50% dump. Actually, the

situation is a little worse due to 5% ullage

gas volume at start of mission, placing the

50% LO 2 vertical line aft of the center-

_- _=_7_iz=0.2 " line. Thus, assume 40% dump as a

_-I.0 cutoff point at 40% x 635 = 254

sec.

635-254 = 381 _econds remain necessary to dump 100% of L02. The

20% minimum dump of L02 necessa_J for CG control has thus been

greatly exceeded before engine burnout. Either LH 2 or LO 2 can

be dumped now.

Assume that LII2 is dumped, according to the sequential dump

alternative studyoption. To obtain 100% LH 2 dump in 135 seconds

down to I10K ft will require a 5.0-inch line. The 381 seconds

for subsequcnt dumping of L02 to depletion c_ occur from T+726

to T+II07, terminating at about 25K ft altitude.

Line-02t__m_zed0ption3A - Sequential LO 2 and LH_D____

The following analysis is based on the round-trip mission loading data for

Option i. If LO 2 is initially dumped in a late (T+251) Mode IIl abort to

achieve an acceptable CG profile, about 20% or less of LO 2 must be dumped. This

requires 20% x 635 = 127 sec through a 3-inch LO 2 abort dump line, leaving

635 - 127 = 508 seconds for glide period dumping of LOo. LH o dumping can occur
• _ _ I_

for 280 - 127 = 153 seconds during engine thrusting. This is _ = 13.3% for

2 inch, i__3 = 35.2% for 3-inch, 15__= 66.5% for 4-inch, or _'_i00% for 5-inch
- 4j_ c_v J_

LH 2 abort line.
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The glide period of 135 seconds would allow

= 11.7% for 2-inch,
1150

= 31.0_ for 3-inch,

= 58.7% for _-inch, and
230

1__ = 100% for 5-inch line sizes
135

Therefore, the following composite of LH2 dump is obtained:

Line Size Thrust Period Glide Period Total

2-1nch 13.3% 11.7% 25.0%

3 35.2% 31.0% 66.2_

4 66.5% 58.7% 125.2%

5 >i00_ z0o_ _ 20o_

The proper size for 100% dumping is less than _-inch for the LH2 abort dump line.

Following the zame side port location analysis as for LO2, if 41.3% of LH2 is

dumped during engine thrust through a M-inch line, the remaining 58.7% can be

dunp=d during _lide to 11OK ft.

The abort dumping time-line sequence then is as follows:

Abort Start: T+251

L02 Dump Start: T+251

L02 Dump Terminate: T+378 (20%)

LH 2 Dump Start: T+379

LH2 Term: T+530.9 (_1.3%)

LH2 Dump Start: T+590.9

_I 2 Dump Term: T+726 (100%)

L02 Dump Start: T+727

LO2 Dump Term: T+1235 (100%)

Landing: T+1241

This abort profile is shown on Figure 12.6-6 for the worst-ease condition --

late Mode IIT ab_t. ,t T+251 with 50,800 Ib of r_yogens for a normal rolmd-t_4p

mission.



--,,,

.%

"" X,..
_<_
_'- -,,.3
I,.,,..

t

|



An early mode llI abort at T+II6 would permit 135 seconds more of initial L02

dumping, to a limit of _4.1% of L02 dumped. There is a family of options in

this case within the design window defined by dashed lines on Figure 6.12.6-6,

from 20% to 44.1% of initial L02 dump, followed by alternative dumping of LH 2 ,

followed by L02 until }_ECO - 30 sec; then depletion of LH 2 well above the il0E ft

altitude, and finally LO 2 depletion at about T+II00 sec.

Conclusions

Two designs for zequential dumping of both L02 (normal) and LH 2 (optional) have

been determined. Operational profiles for each have been defined to meet the

constraints of CG compatibility, altitude, available time, and selected llne

size.

0t__l - For LH 2 dumping only during glide return, preceded by up to 40%

of L02 dump and followed by L02 depletion; a 5-inch L_ line would be provided

in the LH 2 tank side location. A 3-1nch L02 line would also be provided in

the LO 2 tank side location.

Optig_on.._2- For minimum LH 2 dump line sizing, LH 2 dumping (41.3%) would precede

MECO - 30 seconds, and LH 2 depletion would follow _ECO + 30 seconds down to

IlOK ft altitude. This requires a k-inch LH 2 llne, and the 3-inch LO 2 line

permits a 20% L02 dump before the pre-MECO dump. It allows LO 2 depletion

subsequent to LH 2 depletion, ending at 25K ft altitude or higher.

o tlo 3b -A S! ult eous and TH2

While simultaneous dumping of both LO 2 and LH 2 have not been discussed in detail,

it obviously is less constraining upon line size. Simultaneous dump operations

can be inferred from the least time available on a late Mode III abort, which

is 530.9 - 251 = 279.9 seconds pre-(_RCO - 30 sec) and 726 - 590.9 = 135.1

seconds post-(:,_CO + 30 see). Thus 415 seconds are available for LH 2 dumping,

which requires a 3.07-inch line diameter for depletion. The nominal 3-inch

LO 2 line will provide up to 44.1% L02 dump prior to _ECO - 30 sec and adequately

provides CG compatibility before MECO.

A key constraint is imposed on simultaneous dumping by the presence of sensible

atmosphere below a LOOK ft altitude. The _tmo,ph=,_e produces a "wake" effect



that may draw released c._yogens back into the engine and boat-tail region

and may thus produce _ potential hazard as 8reater atmospheric pressure develops

and icnition sources or static discharge may be present. Adequate separation

of LO2 and I_{2 abort line exits and injection of dumped cryogens well into the

"slip-stream" should minimize this potential hazard down to IIOK ft altitude.



12.7 Other Sensitivities

Cr_osenic Versus Storable Propellant ACPS Ground Operations .

An analysis _as performed to determine the effects on Option 3 ground operations

which would result from utilizing a cryogenic attitude control system, rather

than the ba_elined storable propellant systems. The impacts were investigated

in the following four areas:

1. Maintenance and RefUrbishment

2. Ground Support Equipment

3. Ground Operations Crew Size

M. Ground Turnaround Time

The analysis shows that a configuration change for Option 3 vehicles to a

cryogenic ACPS would result in an operations cost increase of nearly $1 million.

In addition, this revision to the baselined configurations _uld increase the

total progran cost by nearly $17 aililon.--

Maintenance and RefUrbishment

Option 3I utilizes a storable monopropellant ACPS, while Option 3F utilize8 a

storable bipropellant ACPS. The Option 3I configuration accomplishes 133 flights

with four vehicles (33.3 flight8 per vehicle). The Option 3F configuration

accomplishes 239 flights with eight vehicles (29.9 flight8 per vehicle). Sche-

duled mintenance and refurbishment costs for the haselined systezs amounts to

a total of $76,000 (eight reftwbisbBent8 at $9,500 each, as shown in Table 6.12.7-1).

Utilizing the cryogenic ACPS in both the initial and final configurations results

in the following scheduled ACPS naintenance and refurbishment operations.

Initial

Four refurbishments required - $790,000

Final

Eight refurbishments required = $1,580,000

The total program scheduled maintenance and refurbishment costs would therefore

be increased a total of $2,29_,000 if the cryogenic ACPS was utilized during

the Option 3 prograa.
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Gr.ound Support Equi_ent

• The following list itemizes the changes to the _und support equilment which

would result from incorporating a cryogenic ACPS in the Options 3I and 3F con-

figurat ions:

Item
Title Program Cost Delta

31 3F

112 ACPS Loadlng Kit - $ 7,000 0

113 ACPS Servicer - $ 5,000 - $_,800

117 C/0 Accessory Kit - $ 6°000 0

139 Gas Sampling Kit - $ 300 0

152 Protection Equipment - $ 32,000 0

153 ACPS Test Set - $160,000 0

191 Workstands - $ 2_,000 0

Total Impact - $23h,300 - $h,800

Ground Operations Crew Size

The present baselined systems require transport of the Tug vehicles to the

Storable Propellant Areas (at KSCand VAFB) for both post-flight safing and

prelaunch servicing. The incorporation of a cryogenic ACPS in Options 3I and

3F will have three impacts on the ground crew size. First, the additional

activities associated with loading at the launch pad and safing at the Shuttle

Safing Area will increase the program required total ground crew (ETR plus WTR)

by a total of 12 personnel. Second, during the 3I configuration ground turn-

around cycles, the activities required at the Storable Propellant Facility

would be eliminated. This would reduce the manpower required during these

shifts of operations by a total of 2_ people. Third, during the 3F configura-

tion ground turnaround cycles, the activities originally required at the

Storable Propellant Facility would be eliminated. This would reduce the man-

power required duringthese shifts of operations by a total of 32 people.

The net effect on the ground crew sizing, analyzing the task sharing and shift

manloading, would amount to two crewmen at KSC and one crewman at WTR during

the first four years and one year, respectively. As Option 3F is introduced

into the progremat the fifth year, the net effect would amount to three
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crewmen at KSC and two crewmen at VAFB, during the final seven years of the

program. This equates to a cost savings of approximately $1o100,000.

Oround Turnaround Time

The averse ground turnaround times for the Option 3 vehicles would be reduced

if the cryogenic ACPS were to be utilized. The average turnaround time for

3I would be reduced from 39 to 35 shifts. The average turnaround time for 3F

would be reduced from _3 to 37 shifts. Reviewing the traffic model, launch

rates, and nominal fleet sizes for Option 3, these reductions do not revise

the number of required flight articles.

smr_

The ground operations impact which would result from incorpor&ting cryogenic

ACPS into the two configurations is summarized below.

Maintenance Impact

osE Impact

Crew Impact

Total Impact

3_ E

+ $71_.ooo + $l.58o.ooo

- $23_,300 - $ _,800

- $125,ooo ,- $.....875,ooo

+ $251,.Too + $ 7oo.zoo

In order to review the total impact to program costs, Figure 6.12.7-1 su_arizes

_the delta cumulatige costs to DDT&E, Production. and Operations for Option 3

with cryogenic ACP5. As may be seen, this change results in a total cost

increase of nearly $17 million to the Option 3 program.
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13.0 ON ORBIT SERVICING IMPACT

The on orbit servicing impact study was specified for performance on Option 2.

The reader is referred to Vol 6, Option 2, section 13.0 for the detailed analysis.


